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Three synthetic methods have been explored for the preparation of several novel 
boron-substituted amidinates and guanidinates. The extension of heterocumulene 
insertion chemistries to boron-aryl, boron-metallocene and boron-transition metal 
moieties has also been achieved and the mechanism of such insertions is addressed via 
density functional theory modeling techniques. The reactivity of these complexes is 




cations, which are potent Lewis Acids and may be useful in promoting organic 
transformations or in the polymerization of ethylene.  
The synthesis and characterization of the elusive monomeric low valent 
carbenoid boron(I), a compound with a formal lone pair located upon the boron center, 
has been lacking. The suitability of the guanidinate ligand system to support such a 
species is also discussed and a combined experimental and theoretical approach to this 
highly topical problem is also presented.  
Thirdly, the use of photovoltaics (devices which convert solar energy directly 
into electricity) as an alternative source of energy outwith fossil fuel technologies is a 
rapidly growing area of interest. Initial efforts to use a novel approach, which 
incorporates inorganic nanocrystals wired into a conducting polymer matrix, are also 
presented. Successful synthetic approaches to the gallium, aluminum and indium 
monomeric precursors suitable for electropolymerization were developed. These 
compounds proved to be effective starting points for the generation of conducting 
polymers with embedded III/VI (Ga2S3) nanocrystals with further studies currently 
underway as to their III/V (InP, GaAs) compatriots.  
Finally, a retrospective of projects that may best be described in terms of the 
moniker “Loose Ends and Future Directions” will be presented. The aim of which will 
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CHAPTER 1: Synthetic Approaches to Amidinate and 






A major advantage of the use of the amidinate ligand is the ability to tune, with 
minimum synthetic effort, the steric and (to a lesser extent) the electronic environment of 
the resulting complex. This flexibility affords a degree of control over the chemistry at 
the metal center and is responsible for the widespread use of amidinates as supporting 
ligands in main group, transition metal, lanthanide and actinide chemistry [1]. 
Amidinate anions function typically as four-electron, N-donor bidentate chelating 
ligands and have the general formula [RNC(R')NR'']-. Early work in this field was 
focused on the benzamidinate derivative [PhC{NSiMe3}2]-  [1(b)], which is readily 
synthesized via the reaction of LiN(TMS)2 with benzonitrile [2]. More recently, 
amidinate chemistry has witnessed a significant expansion in the number and types of 
ligands by elaboration of both the N- and C-substituents. Moreover, several new methods 
have emerged for the synthesis of metal amidinate complexes, including: (i) protonolysis 
reactions employing neutral amidines; (ii) insertion of carbodiimides into metal alkyl 
bonds (iii) reaction of metal halides with N,N,N'-tris(trimethylsilyl)amidines and (iv) salt 
metathesis reactions of lithium amidinates (prepared by treatment of alkyl lithium 




Amidinate complexes featuring group 13 metal-alkyl and metal-halide fragments 
have been the subjects of sustained interest during the last decade [3, 4] due to the 
discovery of a number of useful applications in key technological areas. For example, 
gallium amidinate complexes represent promising single-source precursors for nitride 
materials [4(c)] while amidinate-supported alkylaluminum cations have proved to be 
active catalysts for olefin polymerization [5].  However, despite this increased attention 
to and development of the field in general, the chemistry of boron-substituted amidinates 
remains relatively unexplored. 
Considering the rich chemistry displayed by these group 13 species and their 
relative ease of synthesis, the paucity of boron-substituted amidinate ligands in the 
literature borders on negligence. Indeed, examples of such compounds obtained by 
rational synthetic routes are confined to the dibromo compound 1 [6] and the chloro-
phenyl derivative 2 [7]. A related example is the vinylidene-amidinate compound 3, 
which was obtained serendipitously via the in situ generation of an amidinate fragment, 
followed by displacement of Cl- from BCl4-, during reaction of the propylidyne complex 
[Cp(CO)2Mn≡CEt][BCl4] with tBuN=C=NtBu and NEt3 [8].  The bis(trifluoromethyl)-
substituted amidinate 4 was formed by rearrangement of an unstable adduct resulting 
from the [2+2] cycloaddition of (CF3)2B=NMe2 to PhN=C=NPh [9].  In the present work 
the syntheses, reactivities and molecular structures of a range of new boron-amidinate 
complexes are reported. In particular, their abilities to function as appropriate ligand 
supports for the isolation of reactive boron species, namely boron cations and terminal 






Figure 1-1. Examples of previously synthesized boron-amidinates. 
 
 
Results and Discussion 
 
Synthesis via trimethylsilyl-halide elimination 
 
 The elimination of halotrimethylsilane as the thermodynamic driving force in a 
metathesis reaction is an attractive synthetic option owing to the ease of removal of the 
volatile by-products. In terms of amidinate chemistry, this methodology provided a facile 
route to access the novel boron-substituted species, [PhC{N(SiMe3)}2]BCl2 (6), and the 







Scheme 1.1. Trimethylsilyl-halide elimination methodology. 
 Although 1 has been reported previously [6], the characterization of this compound 
was based solely on an infrared spectrum and micro-analytical data. Curiously, in the 
same report, it was mentioned that attempts to prepare 6 resulted in the isolation of an 




















































X, X' = Br (1)
X, X' = Cl (6)







stable under an inert atmosphere and shows no sign of reverting to an oil, even upon 
gentle heating.   
 In order to assess the structural and bonding features, single-crystal X-ray diffraction 
experiments were performed on 1 and 6.  Both compounds crystallize as monomers in the 
monoclinic space group C2/c, and have very similar unit cell dimensions.  The molecular 
structure of 1 is illustrated in Fig. 1 along with the atom numbering scheme.  An identical 












Fig. 1.2. ORTEP diagram of 1 with thermal ellipsoids at 40% probability and H-atoms 
omitted for clarity. 
 
 Individual molecules of 1 and 6, which reside on a two-fold axis passing through 
atoms B(1)-C(1)-C(2)-C(5), feature a four-membered B-N-C-N chelate ring and a phenyl 




bond distances in 1 and 6 are similar to those reported for 2-4, and the related amido-
pyridyl compounds 8 and 9 [10, 11].  The C(1)-N(1) bond distances for 1 and 6 are 
1.339(3) and 1.332(4) Å, respectively.  These values are approximately intermediate 






N torsion angles for both compounds are zero, indicating delocalization about the N-C-N 
junction.  The B-N bond distances of 1.559(4) (1) and 1.580(5) Å (6) fall within the 
typical range of 1.55-1.61 Å for a B-N bond derived from a four-coordinate boron atom 
bound to a three-coordinate nitrogen atom [12]. In comparison, the B-N bond distances in 
10, an amido boron compound containing a base-stabilized, three-coordinate boron atom, 
are 1.535(8) and 1.635(8) Å [13]. The bite angles of the amidinate fragment (N(1)-B(1)-
N(1A)) are 85.2(3) (1) and 86.1(3)o (6), and thus ca. 4 o wider than the equivalent angle 
(81.6o) in 2 [7], but closer to the mean bite angles of 84.0o in 3 and 83.8o in 4 (angles 
averaged for two crystallographically independent molecules in the asymmetric units of 3 
and 4) [8, 9]. By contrast, the N-Al-N bond angle in the congeneric complex 
[PhC{N(TMS)}2]AlCl2 is 72.9(2)o and the Al-N bond distance is 1.882(3) Å [6]. The 
average N-B-X bond angle is 114.6o in 1 and 114.8 o in 6, hence the geometry about the 




























 The 1H, 13C{1H}, and 11B NMR spectra of 1 and 6 confirm that the C2v-symmetric 
structures observed in the solid-state are retained in solution.  The 11B NMR spectra 
exhibit intense singlet resonances at δ -3.8 (1) and 6.0 (6), values which are typical for a 
four-coordinate boron atom [14]. The 1H and 13C{1H} spectra exhibit peaks due to the 
phenyl group and two equivalent trimethylsilyl groups.  A low-intensity 13C{1H} peak 




















Fig. 1.3. ORTEP diagram of 7 with thermal ellipsoids at 40% probability and H-atoms 
omitted for clarity. 
 
Treatment of a toluene solution of FcBBr2, ferrocenyldibromoborane, with an 
equimolar toluene solution of 5 at ambient temperatures afforded, after work up, the 
ferrocenyl-substituted amidinate 7 as an orange powder. Recrystallisation from a 




studies (Figure 2). As in the cases of 1 and 6, the B-N-C-N heterocycle is planar and the 
boron atom possesses a distorted tetrahedral geometry (average bite angle 105.3°, and a 
mean N-B-Br bond angle of 112.0°.  The other metrical parameters are very similar to 
those of the compounds previously discussed. 
 
Synthesis via salt metathesis 
 
 Although the trimethylsilyl halide elimination method proved to be effective for the 
preparation of the [RC(NR')2]BX2 complexes described above, it was necessary to 
employ a different synthetic strategy to extend the range of these compounds.  In this 
context, the salt metathesis reaction between BX3 and a lithium amidinate [RC(NR')2]Li 
seemed like a more versatile approach for the introduction of a wide variety of R and R' 
groups, thereby offering the possibility of tuning the steric environment of the BX2 
fragment.  Indeed, the validity of this approach has already been demonstrated by the 

























11: X, X' = Cl, R' = Me, R = Cy
12: X, X' = Cl, R' = Mes*, R = Cy
13: X, X' = Cl, R' = Me, R = iPr
14: X = Cl, X' = Ph, R' = tBu, R = Cy





 The requisite lithium amidinates were prepared by addition of diethyl ether solutions 
of LiMe, nBuLi, tBuLi or LiMes* (Mes* = 2,4,6-tri(tert-butyl)phenyl) to cold (-78 oC) 
diethyl ether solutions of either 1,3-dicyclohexylcarbodiimide or 1,3-
diisopropylcarbodiimide.  Subsequent treatment with one equivalent of X’BX2 and work-
up of the reaction mixtures afforded good yields of the desired boron amidinate 









Fig. 1.4. ORTEP diagram of 11 with thermal ellipsoids at 40% probability and H-atoms 
omitted for clarity. 
  
 Single crystals of 11-15, suitable for X-ray diffraction experiments, were obtained by 
recrystallization from toluene or pentane solution.  The molecular structures of 11 (Fig. 
3) and 12 (Fig. 4) are very similar to those of the boron amidinates discussed above, in 
the sense that the ligand is chelated to the BCl2 fragment in a symmetrical bidentate 
fashion, resulting in a planar, four-membered B-N-C-N heterocycle with a delocalized N-




those for 1 and 6.  Likewise, the N(1)-B(1)-N(2) bite angles and average N-B-Cl bond 
angles of 82.17(2) and 115.23o for 11, and 82.1(4) and 115.4o for 12, indicate substantial 
distortion from the ideal tetrahedral value.  However, the N(1)-C(1)-N(2) bond angles of 
101.24(3)o and 100.7(3)o in 11 and 12, respectively, are slightly more acute that those in 















Fig. 1.5. ORTEP diagram of 12 with thermal ellipsoids at 40% probability and H-atoms 
omitted for clarity. 
 
Single-crystal X-ray diffraction studies were also carried out on both 14 and 15 to 
assess their structural and bonding characteristics. Compounds 14 and 15 crystallize as 
monomers and there are no unusually short intermolecular contacts. The molecular 
structure of 14 is illustrated in Fig. 5. Both molecules feature an essentially planar B–N–
















Fig. 1.6. ORTEP diagram of 14 with thermal ellipsoids at 40% probability and H-atoms 
omitted for clarity. 
 
The B–N, B–Cl, and B–C(Ph) bond distances are similar to those reported 
previously for [nBuC{N(tBu)}2]BCl(Ph) [15]. The C–N bond distances (averages 
1.34035(19) Å for 14 and 1.3325(4) Å for 15) are intermediate between those anticipated 
for single and double bonds and are indicative of delocalization at the NCN moiety. The 
B–N bonds in 14 and 15 are similar in length and once more fall in the range observed for 
B–N bonds in four-coordinate boron centers bound to three-coordinate nitrogen atoms 
[12]. 
The molecular structure of 13 was of interest to determine the effect, if any, of 




metrical parameters for 13 are very similar to those for 14 and 15 (Table 1.1). However, 
the B–N–C–N ring is less distorted from planarity (0.69(18)°) than those of the 


















Fig. 1.7. ORTEP diagram of 13 with thermal ellipsoids at 40% probability and H-atoms 





Table 1.1   Selected crystal data, data collection and refinement parameters for 1, 6, 7, 11, 12, 13, 14 and 15 
 1 6 7 11 12 13 14 15 
Formula C13H23N2BBr2Si2 C13H23N2BCl2Si2 C23H32BBrFeN2Si2 C14H25N2BCl2 C37H57N2BCl2 C8H17N2BCl2 C23H36N2BCl C23H36N2BCl 
Formula 
weight 434.14 345.22 539.26 303.07 611.56 222.95 386.80 386.80 
Crystal 
system Monoclinic Monoclinic Monoclinic Monoclinic Monoclinic Triclinic Monoclinic Monoclinic 
Space group C2/c C2/c P2(1)/c P2(1)/n P2(1)/n P-1 P2(1)/n P2(1)/c 
a/Å 15.329(5) 15.026(5) 31.462(5) 13.590(5) 13.338(5) 7.409(5) 8.893(5) 9.939(5) 
b/Å 10.887(5) 10.799(5) 11.215(5) 7.324(5) 18.972(5) 8.127(5) 17.194(5) 20.598(5) 
c/Å 13.019(5) 12.711(5) 29.771(5) 16.451(5) 15.336(5) 10.436(5) 14.511(5) 11.052(5) 
α /° 90 90 90 90 90 94.529(5) 90 90 
β /° 116.223(5) 114.477(5) 99.424(5) 94.622(5) 92.677(5) 92.529(5) 92.754(5) 93.204(5) 
γ/° 90 90 90 90 90 104.188(5) 90 90 
V/Å3 1949.1(13) 1877.2(13) 10363(5) 1632.1(14) 3867(15) 606.0(6) 2216.3(16) 2259.1(16) 
Z 4 4 4 4 4 2 4 4 
Pcalcd/g cm-3 1.479 1.222 1.383 1.233 1.050 1.222 1.159 1.137 
F(000) 872 728 4448 648 1328 236 840 840 
Crystal 
size/mm 
0.30 x 0.20 x 
0.20 
0.20 x 0.20 x 
0.20 0.15 x 0.15 x 0.15 
0.30 x 0.20 x 
0.20 
0.20 x 0.20 x 
0.20 
0.10 x 0.10 x 
0.05 
0.30 x 0.20 x 
0.20 
0.10 x 0.10 x 
0.10 




3207 3282 34696 5482 13301 2750 9399 8308 
No. of indep 
reflns. 1718 2045 21180 2883 6811 1588 5028 5147 
R1[I > 2σ 
(I)] 0.0259 0.0543 0.0634 0.0435 0.0653 0.0486 0.0432 0.0590 
wR2 (all 
data) 0.0636 0.1569 0.0986 0.1191 0.1990 0.1095 0.1019 0.1366 
Peak and 














Synthesis via carbodiimide insertion 
 One of the potential routes, outlined in Scheme 1.3, to the desired compounds 
features the insertion of a carbodiimide into a boron–carbon or boron–heteroatom bond of 
a boron(III) derivative. In fact, insertion reactions of this type represent part of a broader 
tapestry of heterocumulene insertion processes that includes commercially and 
environmentally important CO2. In an early mechanistic study of the insertion of a variety 
of heterocumulenes into Zr–carbon bonds, Gambarotta et al. [16] proposed that the 
prerequisite initial step involves coordination of one of the terminal heteroatoms to the 
Lewis acidic zirconium center. A similar conclusion has since been drawn by others [17]. 
Additional support for this proposal has also been forthcoming from theoretical studies of 
the insertion of CO2 into the Rh(III)–H bond [18] and of carbodiimide insertions into Al–
Me and Al–NMe2 bonds [19]. Interestingly, and in contrast to Al2(NMe2)6 and 
aluminium alkyls, all attempts to insert CyN=C=NCy (Cy = cyclohexyl) into B(NMe2)3 
and BEt3 were not successful. However, it did prove possible to isolate and structurally 
characterize an example of the putative initial Lewis acid–base complex (16) from the 
reaction of PhBCl2 with CyN=C=NCy, subsequent heating of which in toluene solution 

















17: X = Cl, R' = Ph, R = Cy


















Fig. 1.8. ORTEP diagram of 16 with thermal ellipsoids at 40% probability and H-atoms 
omitted for clarity. 
 
Treatment of PhBCl2 with an equimolar quantity of CyN=C=NCy in hexane 
solution at ambient temperature results, after isolation and crystallization, in a 96% yield 
of 16. The X-ray crystal structure of 16 (Fig. 7) reveals that one of the nitrogen atoms of 
the carbodiimide, N(1), forms a donor–acceptor bond of length 1.583(3) Å to the boron 
atom of PhBCl2. As a consequence of the donor action on the part of the carbodiimide, 
the C(13)–N(1)–C(7) angle becomes more acute than the corresponding angle at N(2) and 
the C(13)–N(1) bond distance is ~ 0.12 Å longer than that of the C(13)–N(2) bond. 
Although there is some departure from the ideal angles, the geometry at N(1) is trigonal 
planar (sum of angles 359.9(2)°). The donor function is also evident from the fact that the 
sum of bond angles at B(1) is 334.0(2)°. In the case of B(C6F5)3 as a reference Lewis 
acid, the departure of the sum of bond angles at boron from the ideal value of 360° has 




structural feature is the close proximity of the ipso-carbon of the phenyl ring to the 
carbodiimide carbon, a conformation that favors the migration of the phenyl group from 
B(1) to C(13) (the C(1)…C(13) distance is 2.796(7) Å and the C(1)–B(1)–N(1)–C(13) 
torsion angle is 7.5°). Upon migration of the phenyl group, formation of amidinate 17 is 
accomplished by means of a rotation of the N(1)–C(13) bond followed by ring closure. 
Despite making several attempts, it was not possible to isolate or detect the second 
intermediate by 11B NMR. Compound 17 was prepared independently via the salt 
metathesis reaction of [Ph{NCy}2Li] with BCl3 and characterized by X-ray 
crystallography. 
To gain additional mechanistic insights, the overall process was modeled by DFT 
calculations [21, 22]. In the interest of computational efficiency, the carbodiimide 
MeN=C=NMe was used instead of CyN=C=NCy. The profile for the reaction of 
MeN=C=NMe with PhBCl2 features two intermediates (IM1 and IM2) and two transition 
states (TS1 and TS2) leading to product 17* as depicted in Fig. 8. The overall reaction is 
exergic by 245.5 kcal mol-1. The first intermediate, IM1, is a donor–acceptor complex 
between MeN=C=NMe and PhBCl2. Comparison of the metrical parameters for 17 with 
those of the model complex, IM1, reveals that they are in good agreement (~2%) with the 
exception of the N-B bond distance which is overestimated by 3.7%. The first transition 
state, TS1, features a four-centre interaction between boron, nitrogen, the carbodiimide 
carbon and the ipso-carbon of the phenyl ring (C⋅⋅⋅C = 1.871 Å). The phenyl migration is 
completed by cleavage of the Ph–B bond in concert with mutation of the N→B dative 
bond into an N–B σ-bond. Transition state TS2, which is lower in energy than TS1, 




conformation that will permit chelation. Finally, chelation of both nitrogen atoms to the 
BCl2 moiety completes the formation of the boron amidinate, [PhC{NMe}2]BCl2, (17*). 
The 11B chemical shifts for IM1, IM2, and 17* were also calculated. The calculated 
(GAIO) values of δ 10.5 and 8.5 for IM1 and 17*, respectively, are in good agreement 
with those obtained experimentally for 16 and 17, while the calculated value of δ 33.8 for 
IM2 falls within the range observed for similar three-coordinate boron compounds [14]. 
The general features of this mechanism are similar to those discussed for the insertion of 
heterocumulenes into Rh–H [18], Al–C [19] and Al–N [19] bonds. 
Fig. 1.9. (a) Structures and energies (kcal mol-1) of intermediates IM1 and IM2, transition 
states TS1 and TS2, and amidinate 17* as calculated by DFT. (b) Graphical 






 The reaction of equimolar quantities of 1,3-dicyclohexylcarbodiimide and 
ferrocenyldibromoborane FcBBr2 in hexane solution at room temperature afforded, upon 
work-up, orange crystalline 18 in good yield. The 11B NMR spectrum of 18 revealed an 
intense resonance at δ -4.05, which falls in a similar region to that observed for 1, thus 
suggesting that the desired insertion reaction had occurred.  1H and 13C{1H} NMR data 
were also consistent with such a suggestion.   
 Recrystallization of 18 from toluene solution produced a crop of orange block crystals 
suitable for X-ray diffraction experiments.  The X-ray crystal structure (Fig. 9) confirmed 
the structure proposed for 18. As in the case of the boron amidinates discussed earlier, the 
B-N-C-N heterocycle is planar and the boron atom possesses a distorted tetrahedral 
geometry (bite angle 83.5(2)°, and a mean N-B-Br bond angle of 114.9°.  The other 
metrical parameters are very similar to those of the compounds previously discussed.
 The incorporation of a ferrocene unit into the framework of an amidinate ligand has 
precedent in the work of Arnold et al. [23, 24], who prepared a ferrocene-substituted 
amidine via the reaction of FcLi with 1,3-dicyclohexylcarbodiimide and subsequently 
explored its coordination chemistry with Fe(II), Co(II) and Rh(I) halides.  To the best of 
my knowledge, 18 represented the first example of a p-block complex of the 
ferrocenylamidinate, and also constitutes the first report of the insertion of a carbodiimide 
ligand into a Cp-group 13 element bond. 
 The C5H5 plane of the Fc moiety is almost coplanar with the NCN plane of the 
amidinate ligand (torsion angles N(1)-C(1)-C(14)-C15) 10.0(5)°, N(2)-C(1)-C(14)-C(18) 
15.1(6)°), which may indicate some degree of π-π interaction between the two fragments 




ferrocene-substitued amidine, in which the Fc group is approximately perpendicular to 
the NCN plane (corresponding torsion angles ~ 60°), and those of the Fe(II), Co(II) and 
Rh(I) complexes in which the torsion angle is ~ 45° [23, 24]. 
 
Fig. 1.10. ORTEP diagram of 18 with thermal ellipsoids at 40% probability and H-atoms 











Reactive Boron Species Supported by Amidinate Fragments 
 Boron Cations 
 Perhaps the defining aspect of the group 13 element reactivity is their 
exceptional Lewis acidity, which is a result of their electron deficiency. The observed 
bonding and reactivity of these species derives mostly from their tendency to fill both 
their coordination sphere and their valence shell. This property is most notably employed 
in olefin polymerization, where three-coordinate boron species are used as Lewis acid co-
catalysts due to their ability to readily abstract hydrides, halides etc. to produce anionic 
four-coordinate species [25]. Due to the increasing volume of research directed toward 
reactivity enhancement (increased Lewis acidity) while maintaining synthetic utility, 
recent work has focused on cationic members of the boron group [26]. 
Boron cations can be classified into three distinct groups, based upon the 
coordination number at the boron center. Borinium cations (I) are two-coordinate species 
and feature substituents which can donate lone-pair electron density via π-interactions. 
Borenium cations (II) are and feature σ-bonded substituents that are supplemented by a 
dative ligand interaction which both reduces some of the electron deficiency and helps to 
fill a vacant coordination site. The most common class of boron cation is the boronium 
cation (III), which possesses a four-coordinate tetrahedral geometry. These cations differ 
from borenium cations by addition of a second dative ligand interaction, thus further 
stabilizing the boron center by filling the coordination sphere and a concomitant ‘relief’ 











Fig. 1.11. Classes of boron cation described in the literature 
 
The donor ligands in both II and III serve to partially quench the positive charge 
at the boron center, however, the innate reactivity of these cations persists such that 
characterization can prove to be rather difficult. The 11B chemical shifts observed for 
these cations in are diagnostic and are typically found significantly downfield of those for 
their neutral three-coordinate precursors or analogues. In general, more cationic charge 
density on the boron center and hence a lower degree of stabilization results in a more 
downfield shifted 11B resonance. The presence of alkyl-substituents, for example, in I can 
render 11B resonances in the δ = 60 ppm range [27]. Other characterization methods are 
of limited utility, mass spectrometry is usually confined to gas-phase studies, infrared 
spectroscopy suffers from less apparent stretching frequencies and crystal structures 
(whilst extremely useful) depend on the crystalline integrity and solid-state stability of 
such species. Indeed, only five examples of crystallographically characterized borinium 
and borenium ions had been reported prior to Nöth’s review of the field in 1985 [28]. 
Previous reviews on the topic of boron cations focused largely on their synthesis and 
characterization. However, although there have been synthetic advances over the past 20 
years, often involving unique routes to highly stabilized species, much of the interim 




















development of condensed-phase applications has, however, been initiated with 
promising results. Thus, advances in the syntheses of novel condensed-phase borocations 
as well as reactivity studies, both in the gas and condensed phases, prompted the recent 
excellent review by Piers et al. [29] and the reader is directed to their article for an in-
depth discussion of boron cations. 
 Given the foregoing, it was decided to explore the use of amidinates as supporting 
ligands for the stabilization of boron cations. The objectives were two fold, namely: a) to 
study these highly interesting compounds in the solid state owing to the paucity of 
previous reports of structurally characterized cationic boron species, and b) to generate 
species which might prove to be useful as Lewis acid catalysts. In this regard, the mono-
halo derivatives 14 and 15 seemed to be ideal choices as appropriate cationic precursors 
due to their ease of synthesis, the moderate steric-shielding imparted by their cyclohexyl-
substituents and the related synthesis of a “PhB+” species stabilized by a bidentate 
chelating β-diketiminate ligand [30].  
 
 
 Synthesis via halide abstraction chemistry 
 Due to the inherent stability of the coordinatively saturated four-coordinate boron 
center in both 14 and 15 it was deemed appropriate to employ synthetic routes to cationic 
species which utilized an ‘abstractive’ approach (Scheme 1.4). This method avoids the 
implicit involvement of a five-coordinate transition state, which is strongly disfavored 









Scheme 1.4. Halide abstraction route to boron cations. 
 
 Treatment of a methylene chloride of either 14 or 15 with an equimolar amount of 
aluminum chloride, AlCl3, resulted in the isolation of an off-white powder. This powder 
displayed a sharp peak in the 27Al NMR (δ = 103.58 and 103.81 respectively) consistent 
with formation of the tetrachloroaluminate counterion, however, no discernible peak 
corresponding to the boron center was evident in the 11B NMR. Repeated attempts at 
crystallization using a variety of solvents, solvent mixtures and crystallization techniques 
afforded no samples suitable for X-ray diffraction. Frustrated by the seeming lack of 
reactivity displayed by both 14 and 15 these compounds were treated with a variety of 
‘halide-abstractors’ such as NaBF4, TMS-OTf, AgBF4 etc. all to no avail. 
 In one instance, it was possible to isolate a crystalline sample of a boron cation 
supported by an amidinate fragment via sequential in-situ treatment of 5 with PhBCl2 
followed by AlCl3. The connectivity of 21 is shown in Figure 1.12. 21 crystallized in the 
monoclinic space group P 1 21/n 1 as two “half-cations” and an AlCl4 anion. 
Unfortunately, the crystallographic symmetry of the compound meant that the identity of 
the boron and carbon atoms could not be determined unambiguously, thus a discussion of 
the metrical parameters at this junction would be somewhat misleading, although the data 









14: R = tBu








19: R = tBu











Table 1.2   Selected crystal data, data collection and structure refinement parameters for 
16, 17, and 18 
 16 17 18 21 
Formula C19H27N2BCl2 C19H27N2BCl2 C23H31N2BBr2Fe C37H57N2BCl2 
Formula weight 365.15 365.15 561.98 611.56 
Crystal system Monoclinic Triclinic Monoclinic Monoclinic 
Space group C2/c P-1 P2(1)/n P2(1)/n 
a/Å 37.418(5) 10.355(5) 13.953(5) 13.338(5) 
b/Å 6.561(5) 11.914(5) 10.716(5) 18.972(5) 
c/Å 15.964(5) 16.592(5) 15.723(5) 15.336(5) 
α /° 90 73.933(5) 90 90 
β /° 100.318(5) 83.657(5) 103.837 92.677(5) 
γ/° 90 80.431(5) 90 90 
V/Å3 3856(3) 1935.1(14) 2282.7(15) 3867(15) 
Z 4 2 4 4 
Pcalcd/g cm-3 1.258 1.250 1.635 1.050 
F(000) 1552 4448 1136 1328 
Crystal size/mm 0.30 x 0.30 x 0.30 0.25 x 0.10 x 0.15 0.30 x 0.30 x 0.20 0.20 x 0.20 x 0.20 
θ  range/° 3.09 to 27.00 1.82 to 27.49 2.42 to 27.00 1.71 to 25.00 
No. of reflns. 
collected 7446 34696 8684 13301 
No. of indep reflns. 4204 21180 4966 6811 
R1[I > 2σ (I)] 0.0480 0.0562 0.0431 0.0653 
wR2 (all data) 0.1209 0.1362 0.0849 0.1990 

























Reactive Boron Species Supported by Amidinate Fragments 
 Terminal Borylene 
 Transition metal complexes containing a conventional two-center, two-electron 
bond to a boron center have received much attention in recent years [31-39]. In part, this 
is due to the range of powerful and unusual organic transformations in which such 
complexes have been implicated. Noteworthy stoichiometric and catalytic processes 
include the selective functionalization of alkanes and arenes [40, 41] and the hydro- and 
diboration of carbon–carbon multiple bonds (see, for example [42]). Synthetic efforts 
have also targeted complexes with novel modes of coordination of the boron ligand, as 
part of a wider effort into an in-depth examination of the structure and bonding of mixed 
transition metal/group 13 complexes [43-50]. The breadth of recent studies encompassing 
synthetic, structural and reaction chemistry of these ligand systems is reflected in the 
publication of a number of reviews [33-39]. 
 Inspired by Tilley’s elegant synthesis of base-free silylenes via halide (or pseudo-
halide) abstraction [51], Aldridge et al. examined the reaction of the arylhaloboryl 
complex 22 with several abstraction reagents. In the case of the reaction with Na[BArf4] 
(Arf = C6H3(CF3)2-3,5) or Ag[CB11H6Br6] complete consumption of the starting material 
and conversion to a cationic complex with a 11B NMR chemical shift of δ = 145was 
observed. This 11B chemical shift is some 30 ppm downfield from that of the starting 
material. This crystalline compound, which was isolated in yields of 50–60% was shown 
to be the cationic terminal borylene complex 22 on the basis of spectroscopic and X-ray 
crystallographic data (Figure 1.13) [50]. This compound represents the first example of a 




highly unsaturated systems. Of particular interest from a structural viewpoint is the linear 
Fe–B–C unit (∠Fe(1)–B(1)–C(1) = 178.3(6)°) and the Fe–B distance (1.792(8) Å), which 








Fig. 1.13. Structure of one of two crystallographically independent cations in the 
asymmetric unit of 22. Relevant bond lengths (Å) and angles (º): Fe(1)-B(1) 1.792(8), 
Fe(1)-C(20) 1.768(7), Fe(1)-Cp* centroid 1.733(7), B(1)-C(1) 1.491(10), Fe(1)-B(1)-
C(1) 178.3(6), Cp* centroid-Fe(1)-C(1)-C(2) 91.3(6). 
 
It was apparent that the reaction of amidinate metal (III) dihalides, [(amid)MX2], 
(amid = general amidinate) with anionic transition metal fragments would afford  
complexes of the type [LnM’M(X)(amid)], halide abstraction from which could yield 
cationic complexes of the type [LnM’M(amid)]+. As in the case of the Aldridge et al. 
work, it was anticipated that if complexes of the type [LnM’M(amid)]+ could be accessed, 
the probably vacant p-orbital at the Group 13 element center would act as a π-acceptor 
and result in significant metal-metal back bonding. Indeed, as initial efforts in this area 




proposed complexes by reaction of Na[CpFe(CO)2] and [MX2(amid)], M = Al, Ga or In; 
X = Cl or Br; amid- = [(RN)2CtBu]-; R = iPr or cyclohexyl [52]. However, efforts to 
convert these precursors to the corresponding group 13 diyl-complexes met with mixed 
results. Significantly, the lightest congener, boron, was conspicuous by its absence. It was 
therefore decided to develop a synthetic route to the heretofore neglected boron 
derivative. 
 Following a synthetic strategy analogous to that reported by Jones et al., i.e. 
treatment of amidinate boron dihalides 1 or 6 with an appropriate organometallic anion 
resulted in no species that evidenced the presence of a boron-transition metal bond. In 
keeping with previous results, it seemed that once more the lack of reactivity was due to 
coordinative saturation at the boron center. Consequently, it was necessary to employ a 
more reactive three-coordinate species, namely [(η5-C5H5)Fe(CO)2BCl2] or Fp-BCl2 [53]. 
Treatment of this boryl-complex with an equimolar quantity of 5 cleanly afforded the 
desired monohaloboryl complex 23 (Scheme 1.5). However, repeated attempts at 
crystallization of this product afforded no material that was appropriate for structural 
analysis via single crystal X-ray diffraction. 
 




























Subsequent treatment of 23 with a stoichiometric portion of AlCl3 in methylene 
chloride solution resulted in an intensely colored (purple) solution, which once more 
defied repeated efforts at interrogation via single crystal X-ray diffraction techniques. 
Similarly, this synthesis resulted in no tractable materials, which could be characterized 
by either multinuclear NMR or mass spectrometry. 
 
Conclusions 
 The utility of a range of complementary synthetic routes for the preparation of 
boron amidinate compounds has been. On the basis of NMR and X-ray structural data, 
the bonding in the four-membered B-N-C-N heterocycles may be described in terms of 
equal contributions from two diaza-allyl resonance forms, giving rise to delocalization 
about the N-C-N junction.   
 
 The inherent stability of the amidinate boron dihalides, whilst providing an ease 
of synthesis, affords products of decreased reactivity. However, circumstantial evidence 
[54] has pointed to an increased reactivity which may be accessed via substitution of the 
halide atoms with the triflate group by reaction of (amid)BX2 with two equivalents of a 
suitable triflate source e.g. TMS-OTf, Ag-OTf etc. Future efforts in this area are expected 























All manipulations and reactions were performed under a dry, oxygen-free, catalyst-
scrubbed argon atmosphere using a combination of standard Schlenk techniques or in an 
M-Braun or Vacuum Atmospheres drybox.  All glassware was oven-dried and vacuum- 
and argon flow-degassed before use. All solvents were distilled over sodium 
benzophenone ketyl, except dichloromethane, which was distilled over CaH2, and 
degassed prior to use.  N,N,N'-tris(trimethylsilyl)benzamidine [55] 
ferrocenyldibromoborane (FcBBr2) [56]  and Fp-BCl2 [53] were prepared according to 
the literature procedures.  The compounds 1,3-dicyclohexylcarbodiimide, 1,3-
diisopropylcarbodiimide, 1-bromo-2,4,6-tri(tert-butyl)benzene (Mes*Br), boron halides, 
and alkyl lithium solutions were obtained commercially and used without further 
purification.  
Physical measurements 
Low-resolution CI mass spectra were obtained on a Finnigan MAT TSQ-700 mass 
spectrometer and high-resolution CI mass spectra recorded on a VG Analytical ZAB-VE 
sector instrument.   All MS analyses were performed on samples that had been sealed in 
glass capillaries under an argon atmosphere.  1H, 13C{1H}, and 11B  NMR spectra were 
recorded at 295 K in C6D6 solutions on a GE EQ-300 instrument (1H, 300 MHz; 13C, 75 
MHz, 11B, 96 MHz ) immediately following removal of the sample from the drybox.  1H 
and 13C{1H} chemical shift values are reported in parts per million (ppm) relative to 




are referenced to BF3:OEt2 (δ 0.00).  Melting points (uncorrected) were obtained on a 
Fisher-Johns apparatus after flame-sealing the samples in glass capillaries under argon. 
 
X-ray crystallography 
For compounds 1, 6, 7, 11, 12, 13, 14, 15, 16, 17 and 18, a crystal of suitable quality was 
removed from a Schlenk flask under positive argon pressure, covered immediately with 
degassed hydrocarbon oil and mounted on a glass fiber.  The X-ray diffraction data were 
collected at 153 K on a Nonius Kappa CCD diffractometer equipped with an Oxford 
Cryostream low-temperature device and a graphite-monochromated Mo Kα radiation 
source (λ = 0.71073 Å).  Corrections were applied for Lorentz and polarization effects.  
All structures were solved by direct methods [56] and refined by full-matrix least-squares 
cycles on F2.  All non-hydrogen atoms were allowed anisotropic thermal motion, and 
hydrogen atoms were placed in fixed, calculated positions using a riding model (C-H 
0.96 Å).  Selected crystal data, and data collection and refinement parameters are listed in 
Table 1. 
 
Preparation of [PhC{N(SiMe3)}2]BBr2 (1). A solution of BBr3 (10 mmol) in CH2Br2 
(10 mL) was added to a stirred, equimolar solution of N,N,N’-
tris(trimethylsilyl)benzamidine (3.4 g, 10 mmol) in CH2Br2 (30 mL) at room temperature.  
The reaction mixture was warmed to 45 ˚C for several minutes, then cooled to room 
temperature and stirred for 6 h.  Concentration of the resulting solution (approx. ½ 
volume) under reduced pressure followed by storage at –30 oC resulted in a crop of 
colourless crystals which was isolated by filtration. A second crop of crystals formed 




1H NMR (C6D6): δ 6.86 (m, 5H, Ph), 0.16 (s, 18H, SiMe3); 13C NMR (C6D6): δ 174.36 
(NCN); 131.63; 128.88; 126.99 (Ph); 0.63 (SiMe3); 11B NMR (C6D6): δ -3.84 (s). MS 
(CI+, CH4): m/z 435 (M + H), 355 (M-Br).  HRMS (CI, CH4) calcd. for C13H24N2BBr2, 
434.9917; found 434.9927. 
 
Preparation of [PhC{N(SiMe3)}2]BCl2 (6).  Colorless crystalline 6 (mp 129 -131 oC) 
was prepared in 84% yield from BCl3 (10 mmol, 10 mL 1.0 M solution in CH2Cl2) and 
N,N,N'-tris(trimethylsilyl)benzamidine (3.4 g, 10 mmol) using the procedure described 
for 1.  1H NMR (C6D6): δ 6.82 (m, 5H, Ph), 0.14 (s, 18H, SiMe3); 13C NMR (C6D6): δ 
174.68 (NCN); 131.35; 129.02; 125.77 (Ph); 0.66 (SiMe3); 11B NMR (C6D6): δ 6.04 (s). 
MS (CI+, CH4): m/z 344 (M + H), 309 (M-Cl).  HRMS (CI, CH4) calcd. for 
C13H24N2BCl2, 344.0870; found 344.0871. 
 
Preparation of [MeC{NCy}2]BCl2 (11). Methyllithium (3.1 mL of 1.6 M solution in 
diethyl ether, 4.85 mmol) was added to a cold (-78 oC) solution of 1,3-
dicyclohexylcarbodiimide (1.00 g, 4.85 mmol) in 15 mL of diethyl ether.  The stirred 
colorless reaction mixture was warmed to room temperature, then cooled to –78 oC 
following which BCl3 (4.85 mL 1.0 M solution in hexane, 4.85 mmol) was added 
dropwise.  After being stirred at room temperature for 2 h, the reaction mixture was 
filtered through Celite® and the solvent was stripped from the filtrate to afford a white 
powder. Recrystallization of this powder from toluene solution afforded a crop of pale 




1H NMR (C6D6): δ 3.41 (m, 2H); 2.14 (s, 3H); 2.07 (m, 4H); 1.59–1.24 (br m, 10H); 
1.18–1.03 (m, 6H); 13C NMR (C6D6): δ 173.41 (NCN); 52.12 (Cy-C1); 33.55 (Cy); 31.02 
(Cy); 26.95;  25.97 (Cy); 10.82 (Me-C). 11B NMR (C6D6): δ 6.01 (s). MS (CI+, CH4): m/z 
302 (M + H), 267 (M-Cl). HRMS (CI, CH4) calcd. for C14H25N2BCl2, 302.1488; found 
302.1488. 
 
Preparation of [Mes*C{NCy}2]BCl2 (12). A solution of nBuLi (10.2 mmol, 6.4 mL of 
1.6 M solution in hexanes) was added to a solution of Mes*Br (10 mmol) in 25 mL of 
diethyl ether at -78 oC. The stirred reaction mixture was allowed to warm to ambient 
temperature over a 2 h period.    The resulting Mes*Li solution (10 mmol) was chilled to 
-78 oC and an equimolar solution of 1,3-dicyclohexylcarbodiimide in 10 mL of diethyl 
ether was added dropwise.  The reaction mixture was warmed to room temperature and 
stirred for 2 h, following which it was cooled to -78 oC.  Boron trichloride (10 mL of 1.0 
M solution in hexanes, 10 mmol) was added dropwise, and the stirred reaction mixture 
was allowed to warm to room temperature overnight.  The resulting white slurry was 
filtered through Celite® and the solvent was removed from the filtrate under reduced 
pressure to give a pale yellow residue.  Recrystallization of this residue from toluene 
solution afforded a crop of pale yellow crystals of 12 (3.2 g, 83% yield, mp 178-180 ˚C).    
1H NMR (C6D6): δ 7.45 (s, 2H); 3.28 (m, 2H); 2.01 (m, 4H); 1.65-1.54 (m, 10H); 1.48 (s, 
27 H); 1.21-1.08 (m, 6H); 13C NMR (C6D6): δ 176.43 (NCN), 152.13 (Ph); 148.86 (Ph); 
126.73 (Ph); 120.03 (Ph); 55.84 (Cy-C1), 39.44 (Cy), 35.47 (C(CH3)3), 33.14 (C(CH3)3), 




(M+H), 497 (M-Cl).  HRMS (CI, CH4) calcd. for C31H51N2BCl2, 532.3522; found 
532.3516. 
 
Preparation of [MeC{NiPr}2]BCl2 (13).  Methyllithium (3.8 mL of 1.6 M solution in 
diethyl ether, 6.0 mmol) was added to a cold (-78 oC) solution of diisopropylcarbodiimide 
(0.75 g, 5.94 mmol) in 15 mL of diethyl ether.  The stirred colorless reaction mixture was 
allowed to warm to room temperature, following which it was cooled to –78 oC  and BCl3 
(6 mL of 1.0 M solution in hexane, 6 mmol) was added dropwise.  After being stirred at 
room temperature for 2 h, the reaction mixture was filtered through Celite® and the 
solvent was stripped from the filtrate to afford a white powder, 13.  Yield 1.24 g, 94%, 
mp 38-40oC.  1H NMR (C6D6): 3.43 (sept, 2H); 2.17 (s, 3H); 1.19 (d, 12H);  13C NMR 
(C6D6): 173.80 (NCN); 46.17 (CH-Me2); 23.08 (CH-Me2); 10.66 (Me-C); 11B NMR 
(C6D6): 5.78 (s).  MS (CI+, CH4): m/z 222 (M+H), 187 (M-Cl).  HRMS (CI, CH4) calcd. 
for C8H17N2BCl2, 222.0862; found 222.0863. 
 
Synthesis of [tBuC{N(Cy)}2]BCl(Ph) (14). tert-Butyllithium (2 mL of a 2.5 M solution 
in diethyl ether, 5.0 mmol) was added to a cold (-78 °C) solution of 1,3-
dicyclohexylcarbodiimide (1.03 g, 5.0 mmol) in 15 mL of diethyl ether. The stirred 
colorless reaction mixture was warmed to room temperature, then cooled to -78 °C 
following which PhBCl2 (0.794 g, 5.0 mmol) was added dropwise. After being stirred at 
room temperature for 2 h, the reaction mixture was filtered through Celite® and the 
solvent was stripped from the filtrate to afford a white powder. Recrystallization of this 




yield, mp 124–126 °C). 1H NMR (C6D6): δ 8.02 (d, 2H, Ph); 7.35 (m, 2H, Ph); 7.26 (m, 
1H, Ph); 3.53 (m, 2H, Cy); 2.07 (m, 4H, Cy); 1.62– 1.53 (br m, 10H, Cy); 1.28–1.15 (m, 
6H, Cy); 1.08 (s, 9H, tBu). 13C NMR (C6D6): δ 178.25 (NCN); 135.84; 135.62; 133.68; 
127.83 (Ph); 56.39 (Cy–C1); 35.08 (Cy); 34.60 (Cy); 28.49 (C–Me3); 26.45; 26.43 (Cy); 
25.80 (C–Me3). 11B NMR (C6D6): δ 6.50 (s). MS (CI+, CH4): m/z 386 (M+H), 351 
(M_Cl). HRMS (CI, CH4) calcd. for C23H36N2BCl, 386.2660; found: 386.2655. 
 
Synthesis of [nBuC{N(Cy)}2]BCl(Ph) (15). Colorless crystalline 15 (mp 99–101 °C) was 
prepared in 63% yield from n-butyllithium (2 mL of a 2.5 M solution in diethyl ether, 5.0 
mmol), 1,3-dicyclohexylcarbodiimide (1.03 g, 5.0 mmol) in 15 mL of diethyl ether and 
PhBCl2 (0.794 g, 5.0 mmol) using the procedure described above for 14. 1H NMR 
(C6D6): δ 8.08 (d, 2H, Ph); 7.39 (m, 2H, Ph); 7.26 (m, 1H, Ph); 3.19 (m, 2H); 1.98 (s, 
4H); 1.83 (m, 2H); 1.57–1.28 (br m, 10H); 1.16 0.96 (br m, 10H); 0.74 (t, 3H, CH3). 13C 
NMR (C6D6): δ 166.93 (NCN); 133.54; 128.07; 127.99; 125.53 (Ph); 54.73 (Cy–C1); 
46.71 (CH2CH2CH2-CH3); 34.50 (Cy); 29.10 (Cy); 26.55; 26.45 (Cy); 25.77 
(CH2CH2CH2CH3); 24.95 (CH2CH2CH2CH3); 14.03 (CH2CH2CH2CH3). 11B NMR 
(C6D6): δ 6.47 (s). MS (CI+, CH4): m/z 387 (M+H), 352 (M_Cl). HRMS (CI, CH4) 
calcd. for C23H36N2BCl, 386.2660; found: 386.2660. 
 
Preparation of Lewis acid: Base adduct of PhBCl2 (16). Treatment of PhBCl2 (0.794 g, 
5.0 mmol) in 15 mL of hexane, with an equimolar quantity of dicyclohexylcarbodiimide 
(1.03 g, 5.0 mmol) as a hexane solution (10 mL) at ambient temperature afforded a near 




7.19 (s, 5H); 3.13 (br s, 2H); 2.17 (br s, 4H); 1.68–0.95 (br m, 16H); 13C NMR (C6D6): δ 
154.34; 136.28; 133.93; 133.11; 58.52; 55.68; 33.95; 32.57; 31.26; 26.51; 26.37; 25.38; 
25.04; 24.40; 11B NMR (C6D6): δ 8.17 (s). MS (CI+, CH4): m/z 364 (M+), 207 (100%, 
CyN=C=NCy + H+); HRMS (CI, CH4) calcd for C19H27N2BCl2, 364.1644; found 
364.1671. 
 
Preparation of [PhC{NCy}2]BCl2 (17). Conversion to 17 was achieved by dissolution 
of 16 in 20 mL of toluene and subsequent reflux of this solution for 12 h (1.03 g, 88% 
yield). 1H NMR (C6D6): δ 3.49 (s, 2H); 2.09 (s, 4H); 1.67–1.45 (m, 10H); 1.14–1.05 (m, 
6H); 13C{1H} NMR (C6D6): δ 176.17; 132.55; 129.79; 127.99; 54.95; 33.70; 27.23; 
25.94; 11B NMR (C6D6): δ 6.25 (s). MS (CI+, CH4): m/z 364 (M+), 329 (100%, M–Cl); 
HRMS (CI, CH4) calcd for C19H27N2BCl2, 364.1644; found 364.1642. 
 
Preparation of [FcC{NCy}2]BBr2 (18). A solution of FcBBr2 (0.89 g, 2.5 mmol) in 20 
mL of hexane was added to a cold (- 78 oC) solution of 1,3-dicyclohexylcarbodiimide 
(0.52 g, 2.5 mmol) in 15 mL of hexane. The resulting yellow reaction mixture was stirred 
at room temperature for 2 h, following which the solvent and volatiles were removed 
under reduced pressure to give orange powder, 18.  Recrystallization of the crude product 
from toluene solution afforded orange-red block crystals of 18.  Yield 0.98 g, 71%, mp 
177-179 oC.  1H NMR (C6D6): δ 4.83-4.03 (br, 9H); 3.64 (m, 2H); 2.20-1.11 (m, 20H);  
13C{1H} NMR (C6D6): δ 75.13; 72.90; 71.17; 70.54; 69.55; 68.63; 56.03; 33.89; 26.46; 
25.95; 11B NMR (C6D6): δ - 4.05 (s).  MS (CI+, CH4): m/z 562 (M+H), 483 (M-Br).  




Preparation of [PhC{NSiMe3}2]BCl(Fp) (23). To a toluene (30 mL) solution of Fp-
BCl2 (0.258 g, 1 mmol) was added an equimolar amount of 5 (0.337 g, 1 mmol) also as a 
solution in toluene, 20 mL. The reaction mixture was stirred overnight and 23 was 
isolated as a brown powder after removal of the reaction solvent at reduced pressure. 
Yield 0.410 g, 84.4%. 1H NMR (CDCl3): δ 7.28-7.43 (br m, ArH, 5H), 4.77 (s, CpH, 5H), 
0.04 (br s, 18H); 11B NMR (CDCl3): δ 18.0 (br s).  MS (CI+, CH4): m/z 485 (M+H).  
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Table 1.3.  Crystal data and structure refinement for 1. 
Identification code  1 
Empirical formula  C13 H23 B Br2 N2 Si2 
Formula weight  434.14 
Temperature  153(2) K 
Wavelength  0.71069 Å 
Crystal system  Monoclinic 
Space group  C2/c 
Unit cell dimensions a = 15.329(5) Å α= 90.000(5)°. 
 b = 10.887(5) Å β= 116.223(5)°. 
 c = 13.019(5) Å γ = 90.000(5)°. 
Volume 1949.1(13) Å3 
Z 4 
Density (calculated) 1.479 Mg/m3 
Absorption coefficient 4.275 mm-1 
F(000) 872 
Crystal size 0.24 x 0.20 x 0.20 mm3 
Theta range for data collection 2.39 to 24.99°. 
Index ranges -18<=h<=18, -12<=k<=12, -15<=l<=15 
Reflections collected 3208 
Independent reflections 1719 [R(int) = 0.0216] 
Completeness to theta = 24.99° 99.7 %  
Absorption correction None 
Max. and min. transmission 0.4819 and 0.4269 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 1719 / 0 / 91 
Goodness-of-fit on F2 0.945 
Final R indices [I>2sigma(I)] R1 = 0.0262, wR2 = 0.0709 
R indices (all data) R1 = 0.0328, wR2 = 0.0750 
Extinction coefficient 0.0013(3) 





Table 1.4.  Selected bond lengths [Å] and angles [°] for 1. 
_____________________________________________________ 
Br(1)-B(1)  2.000(3) 
Si(2)-N(1)  1.768(2) 
N(1)-C(1)  1.338(3) 
N(1)-B(1)  1.559(4) 
B(1)-N(1)#1  1.559(4) 
B(1)-C(1)  1.972(6) 
B(1)-Br(1)#1  2.000(3) 
C(1)-N(1)#1  1.338(3) 





















Symmetry transformations used to generate equivalent atoms:  



















Symmetry transformations used to generate equivalent atoms:  

















Table 1.6.  Crystal data and structure refinement for 6. 
Identification code  6 
Empirical formula  C13 H23 B Cl2 N2 Si2 
Formula weight  345.22 
Temperature  153(2) K 
Wavelength  0.71069 Å 
Crystal system  Monoclinic 
Space group  C2/c 
Unit cell dimensions a = 15.026(5) Å α= 90.000(5)°. 
 b = 10.799(5) Å β= 114.477(5)°. 
 c = 12.711(5) Å γ = 90.000(5)°. 
Volume 1877.2(13) Å3 
Z 4 
Density (calculated) 1.222 Mg/m3 
Absorption coefficient 0.466 mm-1 
F(000) 728 
Crystal size 0.20 x 0.20 x 0.20 mm3 
Theta range for data collection 2.59 to 27.47°. 
Index ranges -19<=h<=19, -14<=k<=12, -16<=l<=16 
Reflections collected 3390 
Independent reflections 2140 [R(int) = 0.0505] 
Completeness to theta = 27.47° 99.4 %  
Absorption correction None 
Max. and min. transmission 0.9126 and 0.9126 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 2140 / 0 / 93 
Goodness-of-fit on F2 0.929 
Final R indices [I>2sigma(I)] R1 = 0.0544, wR2 = 0.1181 
R indices (all data) R1 = 0.1621, wR2 = 0.1546 




Table 1.7.  Selected bond lengths [Å] and angles [°] for 6. 
_____________________________________________________ 
C(1)-N(1)#1  1.331(4) 
C(1)-N(1)  1.331(4) 
C(1)-C(2)  1.483(7) 
B(1)-N(1)  1.580(5) 
B(1)-N(1)#1  1.580(5) 
B(1)-Cl(1)#1  1.828(3) 





















Symmetry transformations used to generate equivalent atoms:  





















Symmetry transformations used to generate equivalent atoms:  


















Table 1.9  Crystal data and structure refinement for 7. 
Identification code  7 
Empirical formula  C92 H128 B4 Br4 Fe4 N8 Si8 
Formula weight  2157.02 
Temperature  153(2) K 
Wavelength  0.71069 Å 
Crystal system  Monoclinic 
Space group  P2(1)/c 
Unit cell dimensions a = 31.462(5) Å α= 90.000(5)°. 
 b = 11.215(5) Å β= 99.424(5)°. 
 c = 29.771(5) Å γ = 90.000(5)°. 
Volume 10363(5) Å3 
Z 4 
Density (calculated) 1.383 Mg/m3 
Absorption coefficient 2.230 mm-1 
F(000) 4448 
Crystal size 0.15 x 0.15 x 0.15 mm3 
Theta range for data collection 1.63 to 27.49°. 
Index ranges -40<=h<=40, -14<=k<=12, -38<=l<=38 
Reflections collected 34704 
Independent reflections 21186 [R(int) = 0.1085] 
Completeness to theta = 27.49° 88.9 %  
Absorption correction None 
Max. and min. transmission 0.7309 and 0.7309 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 21186 / 0 / 1081 
Goodness-of-fit on F2 0.957 
Final R indices [I>2sigma(I)] R1 = 0.0649, wR2 = 0.1055 
R indices (all data) R1 = 0.2138, wR2 = 0.1488 




Table 1.10.   Bond lengths [Å] and angles [°] for 7. 
_____________________________________________________ 
C(1)-N(1)  1.318(7) 
C(1)-N(2)  1.352(7) 
C(1)-C(2)  1.495(8) 
C(14)-B(1)  1.581(9) 
C(24)-N(3)  1.325(7) 
C(24)-N(4)  1.349(7) 
C(37)-B(2)  1.568(10) 
C(47)-N(6)  1.316(7) 
C(47)-N(5)  1.333(7) 
C(60)-B(3)  1.558(9) 
C(70)-N(8)  1.320(7) 
C(70)-N(7)  1.344(7) 
C(83)-B(4)  1.589(10) 
B(1)-N(2)  1.581(9) 
B(1)-N(1)  1.586(8) 
B(1)-Br(1)  2.050(7) 
B(2)-N(4)  1.584(9) 
B(2)-N(3)  1.596(8) 
B(2)-Br(2)  2.030(8) 
B(3)-N(5)  1.586(9) 
B(3)-N(6)  1.603(8) 
B(3)-Br(3)  2.054(7) 
B(4)-N(7)  1.579(9) 
B(4)-N(8)  1.596(8) 






















































Symmetry transformations used to generate equivalent atoms:  
  
 


































Table 1.12.  Crystal data and structure refinement for 11. 
Identification code  11 
Empirical formula  C14 H25 B Cl2 N2 
Formula weight  303.07 
Temperature  153(2) K 
Wavelength  0.71069 Å 
Crystal system  Monoclinic 
Space group  P2(1)/n 
Unit cell dimensions a = 13.590(5) Å α= 90.000(5)°. 
 b = 7.324(5) Å β= 94.622(5)°. 
 c = 16.451(5) Å γ = 90.000(5)°. 
Volume 1632.1(14) Å3 
Z 4 
Density (calculated) 1.233 Mg/m3 
Absorption coefficient 0.387 mm-1 
F(000) 648 
Crystal size 0.26 x 0.20 x 0.18 mm3 
Theta range for data collection 2.48 to 27.49°. 
Index ranges -17<=h<=17, -9<=k<=9, -21<=l<=21 
Reflections collected 6930 
Independent reflections 3739 [R(int) = 0.0584] 
Completeness to theta = 27.49° 99.6 %  
Absorption correction None 
Max. and min. transmission 0.9336 and 0.9061 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 3739 / 0 / 172 
Goodness-of-fit on F2 0.973 
Final R indices [I>2sigma(I)] R1 = 0.0484, wR2 = 0.1045 
R indices (all data) R1 = 0.1284, wR2 = 0.1309 




Table 1.13.   Bond lengths [Å] and angles [°] for 11. 
_____________________________________________________ 
C(1)-N(2)  1.329(3) 
C(1)-N(1)  1.330(3) 
B(1)-N(1)  1.559(3) 
B(1)-N(2)  1.569(3) 
B(1)-Cl(1)  1.820(3) 














Symmetry transformations used to generate equivalent atoms:  
  
















Table 1.15.  Crystal data and structure refinement for 12. 
Identification code  12 
Empirical formula  C40 H60 B Cl2 N2 
Formula weight  650.61 
Temperature  153(2) K 
Wavelength  0.71069 Å 
Crystal system  Monoclinic 
Space group  C2/c 
Unit cell dimensions a = 13.338(5) Å α= 90°. 
 b = 18.927(5) Å β= 92.677(5)°. 
 c = 15.336(5) Å γ = 90°. 
Volume 3867(2) Å3 
Z 4 
Density (calculated) 1.117 Mg/m3 
Absorption coefficient 0.196 mm-1 
F(000) 1412 
Crystal size 0.20 x 0.16 x 0.14 mm3 
Theta range for data collection 2.87 to 27.00°. 
Index ranges -17<=h<=17, -24<=k<=23, -19<=l<=19 
Reflections collected 15927 
Independent reflections 8407 [R(int) = 0.0821] 
Completeness to theta = 27.00° 99.7 %  
Absorption correction None 
Max. and min. transmission 0.9730 and 0.9618 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 8407 / 0 / 406 
Goodness-of-fit on F2 0.916 
Final R indices [I>2sigma(I)] R1 = 0.0604, wR2 = 0.1287 
R indices (all data) R1 = 0.1775, wR2 = 0.1712 




Table 1.16.   Bond lengths [Å] and angles [°] for 12. 
_____________________________________________________ 
C(1)-N(2)  1.333(3) 
C(1)-N(1)  1.338(3) 
B(1)-N(2)  1.564(4) 
B(1)-N(1)  1.565(4) 
B(1)-Cl(2)  1.832(4) 















Symmetry transformations used to generate equivalent atoms:  

































Symmetry transformations used to generate equivalent atoms:  







Table 1.18.  Crystal data and structure refinement for 13. 
Identification code  13 
Empirical formula  C8 H17 B Cl2 N2 
Formula weight  222.95 
Temperature  153(2) K 
Wavelength  0.71069 Å 
Crystal system  triclinic 
Space group  P-1 
Unit cell dimensions a = 7.409(5) Å α= 94.529(5)°. 
 b = 8.127(5) Å β= 92.529(5)°. 
 c = 10.436(5) Å γ = 104.188(5)°. 
Volume 606.0(6) Å3 
Z 2 
Density (calculated) 1.222 Mg/m3 
Absorption coefficient 0.497 mm-1 
F(000) 236 
Crystal size 0.10 x 0.10 x 0.10 mm3 
Theta range for data collection 3.11 to 27.48°. 
Index ranges -9<=h<=9, -10<=k<=10, -13<=l<=13 
Reflections collected 4848 
Independent reflections 2750 [R(int) = 0.0432] 
Completeness to theta = 27.48° 98.7 %  
Absorption correction None 
Max. and min. transmission 0.9520 and 0.9520 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 2750 / 0 / 123 
Goodness-of-fit on F2 0.989 
Final R indices [I>2sigma(I)] R1 = 0.0486, wR2 = 0.1095 
R indices (all data) R1 = 0.1109, wR2 = 0.1336 





Table 1.19.   Bond lengths [Å] and angles [°] for 13. 
_____________________________________________________ 
C(1)-N(1)  1.325(3) 
C(1)-N(2)  1.334(3) 
B(1)-N(1)  1.561(4) 
B(1)-N(2)  1.567(4) 
B(1)-Cl(1)  1.835(3) 












Symmetry transformations used to generate equivalent atoms:  
  


















Table 1.21.  Crystal data and structure refinement for 14. 
Identification code  14 
Empirical formula  C23 H36 B Cl N2 
Formula weight  386.80 
Temperature  153(2) K 
Wavelength  0.71069 Å 
Crystal system  Monoclinic 
Space group  P2(1)/n 
Unit cell dimensions a = 8.893(5) Å α= 90°. 
 b = 17.194(5) Å β= 92.754(5)°. 
 c = 14.511(5) Å γ = 90°. 
Volume 2216.3(16) Å3 
Z 4 
Density (calculated) 1.159 Mg/m3 
Absorption coefficient 0.182 mm-1 
F(000) 840 
Crystal size 0.30 x 0.20 x 0.20 mm3 
Theta range for data collection 2.75 to 27.49°. 
Index ranges -11<=h<=11, -22<=k<=22, -18<=l<=18 
Reflections collected 9399 
Independent reflections 5028 [R(int) = 0.0329] 
Completeness to theta = 27.49° 98.8 %  
Absorption correction None 
Max. and min. transmission 0.9644 and 0.9473 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 5028 / 0 / 244 
Goodness-of-fit on F2 1.028 
Final R indices [I>2sigma(I)] R1 = 0.0432, wR2 = 0.1019 
R indices (all data) R1 = 0.0817, wR2 = 0.1172 





Table 1.22.   Bond lengths [Å] and angles [°] for 14. 
_____________________________________________________ 
C(1)-N(2)  1.3361(19) 
C(1)-N(1)  1.3446(19) 
C(18)-B(1)  1.595(2) 
B(1)-N(2)  1.572(2) 
B(1)-N(1)  1.583(2) 





























































Table 1.24.  Crystal data and structure refinement for 15. 
Identification code  15 
Empirical formula  C23 H36 B Cl N2 
Formula weight  386.80 
Temperature  153(2) K 
Wavelength  0.71069 Å 
Crystal system  monoclinic 
Space group  P2(1)/c 
Unit cell dimensions a = 9.939(5) Å α= 90°. 
 b = 20.598(5) Å β= 93.204(5)°. 
 c = 11.052(5) Å γ = 90°. 
Volume 2259.1(16) Å3 
Z 4 
Density (calculated) 1.137 Mg/m3 
Absorption coefficient 0.179 mm-1 
F(000) 840 
Crystal size 0.10 x 0.10 x 0.10 mm3 
Theta range for data collection 2.05 to 27.48°. 
Index ranges -12<=h<=12, -26<=k<=21, -14<=l<=14 
Reflections collected 8308 
Independent reflections 5147 [R(int) = 0.0543] 
Completeness to theta = 27.48° 99.4 %  
Absorption correction None 
Max. and min. transmission 0.9823 and 0.9823 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 5147 / 0 / 244 
Goodness-of-fit on F2 1.009 
Final R indices [I>2sigma(I)] R1 = 0.0590, wR2 = 0.1366 
R indices (all data) R1 = 0.1729, wR2 = 0.2026 





Table 1.25.   Bond lengths [Å] and angles [°] for 15. 
_____________________________________________________ 
C(1)-N(2)  1.332(4) 
C(1)-N(1)  1.333(4) 
C(1)-C(2)  1.485(4) 
C(18)-B(1)  1.591(5) 
B(1)-N(2)  1.580(4) 
B(1)-N(1)  1.590(4) 












Symmetry transformations used to generate equivalent atoms:  
  

















Table 1.27  Crystal data and structure refinement for 16. 
Identification code  16 
Empirical formula  C19H27BCl2N2 
Formula weight  365.15 
Temperature  153(2) K 
Wavelength  0.71069 Å 
Crystal system  monoclinic 
Space group  C2/c 
Unit cell dimensions a = 37.418(5) Å α= 90° 
 b = 6.561(5) Å β= 100.318(5)° 
 c = 15.964(5) Å γ = 90° 
Volume 3856(3) Å3 
Z 4 
Density (calculated) 1.258 Mg/m3 
Absorption coefficient 0.340 mm-1 
F(000) 1552 
Crystal size 0.30 x 0.30 x 0.30 mm3 
Theta range for data collection 3.09 to 27.00°. 
Index ranges -47<=h<=47, -8<=k<=7, -20<=l<=20 
Reflections collected 7446 
Independent reflections 4204 [R(int) = 0.0518] 
Completeness to theta = 27.00° 99.6 %  
Absorption correction None 
Max. and min. transmission 0.9050 and 0.9050 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4204 / 0 / 217 
Goodness-of-fit on F2 1.031 
Final R indices [I>2sigma(I)] R1 = 0.0480, wR2 = 0.1018 
R indices (all data) R1 = 0.1029, wR2 = 0.1209 





Table 1.28.   Bond lengths [Å] and angles [°] for 16. 
_____________________________________________________ 
C(1)-B(1)  1.589(3) 
C(7)-N(1)  1.501(3) 
C(13)-N(2)  1.166(3) 
C(13)-N(1)  1.282(3) 
B(1)-N(1)  1.583(3) 
B(1)-Cl(2)  1.874(3) 













Symmetry transformations used to generate equivalent atoms:  
  
















Table 1.30.  Crystal data and structure refinement for 18. 
Identification code  18 
Empirical formula  C23 H31 B Br2 Fe N2 
Formula weight  561.98 
Temperature  153(2) K 
Wavelength  0.71069 Å 
Crystal system  monoclinic 
Space group  P2(1)/n 
Unit cell dimensions a = 13.953(5) Å α= 90.000(5)°. 
 b = 10.716(5) Å β= 103.837(5)°. 
 c = 15.723(5) Å γ = 90.000(5)°. 
Volume 2282.7(15) Å3 
Z 4 
Density (calculated) 1.635 Mg/m3 
Absorption coefficient 4.174 mm-1 
F(000) 1136 
Crystal size 0.30 x 0.30 x 0.30 mm3 
Theta range for data collection 2.42 to 27.00°. 
Index ranges -17<=h<=17, -13<=k<=13, -20<=l<=20 
Reflections collected 8684 
Independent reflections 4966 [R(int) = 0.0459] 
Completeness to theta = 27.00° 99.5 %  
Absorption correction None 
Max. and min. transmission 0.3674 and 0.3674 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4966 / 0 / 298 
Goodness-of-fit on F2 0.995 
Final R indices [I>2sigma(I)] R1 = 0.0431, wR2 = 0.0736 
R indices (all data) R1 = 0.0927, wR2 = 0.0849 





Table 1.31.   Bond lengths [Å] and angles [°] for 18. 
_____________________________________________________ 
C(1)-N(2)  1.337(4) 
C(1)-N(1)  1.345(4) 
C(1)-B(1)  2.013(5) 
B(1)-N(1)  1.545(5) 
B(1)-N(2)  1.545(5) 
B(1)-Br(2)  2.009(4) 
































































Table 1.33  Crystal data and structure refinement for 21. 
Identification code  21 
Empirical formula  C19 H28 Al B Cl4 N2 Si2 
Formula weight  520.20 
Temperature  153(2) K 
Wavelength  0.71069 Å 
Crystal system  Monoclinic 
Space group   
Unit cell dimensions a = 10.270(5) Å α= 90.000(5)°. 
 b = 17.940(5) Å β= 96.673(5)°. 
 c = 16.896(5) Å γ = 90.000(5)°. 
Volume 3092(2) Å3 
Z 4 
Density (calculated) 1.118 Mg/m3 
Absorption coefficient 0.497 mm-1 
F(000) 1080 
Crystal size 0.20 x 0.15 x 0.10 mm3 
Theta range for data collection 1.66 to 27.50°. 
Index ranges -13<=h<=13, -23<=k<=17, -21<=l<=21 
Reflections collected 11603 
Independent reflections 7066 [R(int) = 0.0403] 
Completeness to theta = 27.50° 99.4 %  
Absorption correction None 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 7066 / 0 / 268 
Goodness-of-fit on F2 2.356 
Final R indices [I>2sigma(I)] R1 = 0.2248, wR2 = 0.5817 
R indices (all data) R1 = 0.3054, wR2 = 0.6198 










CHAPTER 2: Towards Boron(I): Rational Ligand Design Via 




 One of the vibrant themes of current main group chemistry is focused on the 
preparation, structural characterization and ligative behaviour of group 13 carbene 
analogues. An early development in this respect was the isolation of the gallyl anions 
[Ga{N(R)CH}2]- (25: R= tBu; 26: R = 2,6-iPr2C6H3) [1,2], which represent the first 
examples of anionic NHC analogues (A, Scheme 2.1). Gallyl anion 26 exhibits a rich 
coordination chemistry [3]. More recently, the boryl anion [B{N(R)CH}2]- (R = 2,6-
iPr2C6H3) (27) has been isolated as its lithium salt [4] as has the saturated Wanzlick 
carbene analogue, [B{N(R)CH2}2]- (28)5 (B, Scheme 2.1). The latter undergoes 
reactions with group 11 metal chlorides to afford the corresponding boryl complexes 
[5] and the former reacts with MgBr2·OEt2 to form boryl-magnesium derivatives [6]. 
In terms of neutral carbene-analogous systems, the guanidinate ligand 
[Cy2NC{NR}2]- has proved to be effective for the support of Ga (29) [7] and In (30) 
[7] in the +1 oxidation state (C, Scheme 2.1). Moreover, compounds 29 and 30 are 
interesting analogues of a recently reported four-membered NHC [8]. The use of the 
β-diketiminate supporting ligand [HC(CMe)2(NR)2]- (R = 2,6-iPr2C6H3) has permitted 
the isolation of the widest range of group 13 metal (I) entities reported thus far, 
namely M = Al [9], Ga [10], In [11], and Tl [12]. However, a structurally 




its absence. On the basis of theoretical studies [13,14], this absence has been 
attributed to the small energy gap between the singlet and triplet ground states of 
boron(I)-β-diketiminates. For example, B3LYP/LANL2DZ calculations by Chen et 
al. [13] on [{HC(CMe)2(NPh)2}B] revealed the triplet state to be more stable than the 
singlet state by 3.5 kcal/mol, while for the Al, Ga, In, and Tl analogues the singlet-
triplet gap exceeds 45 kcal/mol. The triplet state of such β-diketiminate-supported 
boron (I) compounds can be visualized as featuring a single electron at the B atom 
and a second electron that is delocalized over the five remaining ring atoms [14]. In 
turn, this unpaired electron density on the ring periphery is capable of promoting 






Scheme 2.1 Carbene analogous group 13 compounds. 
 
 The recent discovery that sterically encumbered guanidinate ligands are able to 
support N,N-chelated Ga(I) and In(I), compounds 29 [7] and 30 [7], prompted 
curiosity regarding the potential use of this ligand class for the stabilization and 
isolation of analogous B(I) derivatives. As the first step in this direction, a theoretical 
investigation of the singlet-triplet splitting of a model compound, [Me2NC{N(Ph)}2]B 



























M = Ga, In
R = 2,6-iPr2C6H3 R = 2,6-
iPr2C6H3 R = 2,6-
iPr2C6H3R = 2,6-
iPr2C6H3










 It has been pointed out that DFT calculations inherently favor spin states of high 
multiplicities due to the explicit consideration of Fermi correlation through exact 
exchange admixture [14,15]. Accordingly, it was considered appropriate to carry out 
both DFT and MP2 calculations on the model compound 31. The results are 
summarized in Table 2.1. The largest differences in the two sets of metrical 
parameters are found for the B-N bond length and the N-C-N angle. As expected on 
the basis of the overemphasis of triplet state stability in the DFT calculation, the 
singlet-triplet gap is computed to be smaller by this method than by the MP2 method. 
The salient point however, is that according to either method the singlet ground state 
is preferred by between 6 and 10 kcal/mol. While the singlet-triplet splitting for 31 is 
less than that computed for e.g. [Cy2NC(NDipp)2]Al by the DFT method (61.8 
kcal/mol) [7], these calculations suggest that an appropriately substituted 
(guanidinate)boron(I) derivative might be viable.The HOMO and LUMO of 31 are 





























Figure 2.1. HOMO and LUMO of 31. Calculations performed at the MP2/6-31G* 




Table 2.1. Computed bond lengths (Å), bond angles (°) and singlet-triplet splitting (kcal/mol) for 31 
 B3LYP MP2 
B-N 1.553 1.589 
C-Nring 1.365 1.351 
C-Nexo 1.348 1.343 
N-B-N 83.59 82.41 
C-N-B 86.42 87.97 
N-C-N 98.62 101.66 





 (Guanidinate)boron dihalides represented an obvious first choice as precursors to 
the desired boron (I) derivatives. However, as pointed out by Aldridge et al. [16], 
until recently there were no structurally authenticated examples of this type of 
compound and, at the time of writing, [Cy2NC(NCy)2BCl2] (32) and 
[iPr2NC(NCy)2BCl2] (33) represent the only such examples [16]. The syntheses and 
X-ray crystal structures of two new examples of this rare class of compound have 
now been accomplished, namely [Ph2NC(NMes)2BCl2] (Mes = 2,4,6-trimethylphenyl) 
and [Ph2NC(NDipp)2BCl2] (Dipp = 2,6-iPr2C6H3). Previously, it has been shown [17] 
that [(Me3Si)2NC{NCy}2BCl2] can be prepared either by the metathetical reaction of 
(Me3Si)2NLi with the carbodiimide CyN=C=NCy or by the insertion of this 
carbodiimide into (Me3Si)2NBCl2. Unfortunately, neither method resulted in crystals 
suitable for X-ray diffraction experiments. For the syntheses of the new 




















R = Mes (38) and Dipp (39)
HgO/MgSO4
(i) Ph2N-Li, Et2O,
    -78 - RT, 2h
R = Mes (34) 
and Dipp (35)
R = Mes (36) 
and Dipp (37)
Toluene, reflux, 12h (ii) BCl3, Et2O,




 The thioureas 34 and 35 were isolated as colorless microcrystalline solids from the 
reaction of CS2 with a solution of the appropriate aniline, trimethylamine and water. 
Although both compounds were claimed in a Japanese patent [18], we considered it 
useful to provide full details of the synthetic method as well as the X-ray crystal 
structure of 35 (vide infra). Treatment of thioureas 34 and 35 with mercuric oxide and 
magnesium sulfate in refluxing toluene solution afforded the corresponding 
carbodiimides 36 and 37 in yields of 85% and 87% respectively [19]. The initial step 
in the synthesis of the guanidinate(boron) dichlorides 38 and 39 involved the insertion 
of one equivalent of the appropriate carbodiimide into the lithium-nitrogen bond of 
LiNPh2. Subsequent treatment of these reaction mixtures with boron trichloride in 
diethyl ether solution at low temperature readily afforded these compounds in yields 
of 90% and 88%, respectively. Attempts were made to reduce 38 and 39 to the 
corrresponding boron (I) derivatives using a variety of alkali metals and other 





Fig 2.2. ORTEP diagram of 35, with thermal ellipsoids at 40 % probability. All hydrogen 
atoms have been omitted for clarity. Selected bond lengths (Å) and angles (°): N(1)-C(1) 
1.346(3), N(2)-C(1) 1.353(3), C(1)-S(1) 1.682(2), N(1)-C(1)-N(2) 116.61(19), N(1)-
C(1)-S(1) 121.38(17), N(2)-C(1)-S(1) 122.00(17). 
 
 Crystals of 35 suitable for study by X-ray diffraction were grown from toluene 
solution at -40°C. Thiourea 35 crystallizes in the monoclinic space group C2/c and the 
solid state consists of arrays of individual molecules with no unusually short 
intermolecular contacts. The molecular structure is depicted in Fig. 2.2 and data 
collection/refinement details are listed in Table 2.2. Interestingly, despite the presence 
of the bulky Dipp substituents, the N-C-N bond angle (116.61(19)°) is less than the 
ideal trigonal planar value. Note, however, that the Dipp substituents are arranged in a 
transoid fashion to minimize steric interactions. Compound 36 crystallizes from 




of 36 (Fig. 2.3) and there are no short intermolecular contacts. The N-C-N bond angle 
of 167.82(15)° deviates substantially from the ideal value of 180° and the bulky Mes 
substituents are arranged in a mutually orthogonal fashion. The average N-C bond 
distance of 1.213(2) Å is consistent with those reported previously for carbodiimides 
with less bulky substituents [20]. 
Fig 2.3. ORTEP diagram of 36, with thermal ellipsoids at 40% probability. All hydrogen 
atoms have been omitted for clarity. Selected bond lengths (Å) and angles (°): N(1)-C(1) 
1.2107(18), N(2)-C(1) 1.2179(18), N(1)-C(2) 1.4072(19), N(2)-C(11) 1.4077(18), N(1)-
C(1)-N(2) 167.82(15), C(1)-N(1)-C(2) 137.62(13), C(1)-N(2)-C(11) 135.75(13). 
 
 The Dipp-substituted analogue 37 crystallizes in the monoclinic space group P21/c 




marginally less distorted than that of 36, the most striking structural feature is the 
near co-planarity of the aryl rings – in marked contrast to the orthogonal relationship 
observed in the case of 36. Examination of the packing diagram for 37 shows that this 
confirmation is influenced by the existence of weak intermolecular interactions 
between the carbon atoms of one monomer with the methyl-hydrogens of another. 
 
Fig 2.4. ORTEP diagram of 37, with thermal ellipsoids at 40% probability. All hydrogen 
atoms have been omitted for clarity. Selected bond lengths (Å) and angles (°): N(1)-C(1) 
1.213(2), N(2)-C(1) 1.221(2), N(1)-C(2) 1.415(2), N(2)-C(14) 1.425(2), N(1)-C(1)-N(2) 





 Crystals of 38 and 39 suitable for X-ray diffraction studies were grown from 
toluene solution at -40°C. Compounds 38 and 39 crystallize in the monoclinic space 
groups P21/c and Pc, respectively. Neither solid state structure exhibits any unusually 
short intermolecular contacts. The molecular structures of 38 and 39 are illustrated in 
Fig. 2.4 and 2.55, respectively. Both compounds feature a four-membered B-N-C-N 
chelate ring, the average C-N bond distances for which are 1.350(3) (38) and 1.351(6) 
Å (39). These values are approximately intermediate between those of typical C=N 
double and C-N single bonds. Moreover, the B-N-C-N torsion angles for both 
compounds are zero (within experimental error), which is indicative of π -electron 
delocalization about the N-C-N junction. The average B-N distances of 1.564(3) (14) 
and 1.574(2) Å (15) fall within the typical range of 1.55-1.61 Å that has been 
observed for a four coordinate boron atom bound to a three coordinate nitrogen atom 
[21]. The N-B-N bite angles for the guanidinate rings are 83.69(14) and 83.4(3)° for 
38 and 39, respectively and are more acute than those reported by Aldridge et al. [16]. 
By contrast, the bite angles in closely related amidinate rings fall within the range of 
approximately 85-86° [17,22]. The average N-B-Cl bond angles are 114.90(16)° and 
117.6(3)° for 38 and 39, respectively, hence the geometry about the boron atom is 
appreciably distorted form that of a regular tetrahedron. Finally, it is worth noting that 
the C(1)-N(3) distances of 1.342(3) (38) and 1.353(6) Å (39) are remarkably short and 
therefore consistent with the idea of a substantial contribution from the 






Fig 2.5.  ORTEP diagram of 38, with thermal ellipsoids at 40% probability. All hydrogen 
atoms have been omitted for clarity. Selected bond lengths (Å) and angles (°): N(1)-C(1) 
1.346(3), N(2)-C(1) 1.353(2), N(3)-C(1) 1.342(2), N(1)-B(1) 1.559(3), N(2)-B(1) 
1.566(3), B(1)-Cl(1) 1.833(3), B(1)-Cl(2) 1.837(3), N(1)-C(1)-N(2) 101.15(16), N(1)-
C(1)-N(3) 129.00(17), N(2)-C(1)-N(3) 129.84(18), N(1)-B(1)-N(2) 83.69(14), N(1)-B(1)-
Cl(1) 117.56(16), N(1)-B(1)-Cl(2) 112.95(15), N(2)-B(1)-Cl(1) 113.36(16), N(2)-B(1)-
Cl(2) 116.84(17), N(1)-C(1)-N(2)-B(1) 0.15(0.17).  
 
 The 1H, 13C{1H} and 11B NMR spectra of both 38 and 39 indicate that the solid 
state structure is retained in solution. The 11B NMR spectra exhibit intense singlet 
resonances at δ 6.8 (38) and 9.2 (39), values which are typical of those reported for 
four-coordinate boron atoms [23] and are in good agreement with values reported for 
closely related (guanidinate)boron dihalides [17]. Moreover, due to the inherent 
difficulty in detecting low intensity quaternary carbon centers, the carbon atom of the 





Fig 2.6. ORTEP diagram of 39, with thermal ellipsoids at 40% probability. All hydrogen 
atoms have been omitted for clarity. Selected bond lengths (Å) and angles (°): N(1)-C(1) 
1.341(6), N(2)-C(1) 1.360(5), N(3)-C(1) 1.353(6), N(1)-B(1) 1.578(6), N(2)-B(1) 
1.570(7), B(1)-Cl(1) 1.833(6), B(1)-Cl(2) 1.833(5), N(1)-C(1)-N(2) 101.6(4), N(1)-C(1)-
N(3) 131.6(4), N(2)-C(1)-N(3) 126.8(4), N(1)-B(1)-N(2) 83.4(3), N(1)-B(1)-Cl(1) 












 In summary, the possibility of synthesizing guanidinate-supported boron(I) 
derivatives by reduction of two new (guanidinate)boron dichlorides has been 
explored. Although the desired compounds were not obtained, DFT and MP2 
calculations on a model system revealed the ground state is a singlet and that the 
HOMO-LUMO gap may be sufficiently large to permit the future isolation of the 
desired boron(I) species. Ongoing computational work is aimed at addressing the 
specific tailoring of substituents to maximize this energy splitting to determine the 















(a) General procedures 
All manipulations and reactions were performed under a dry, oxygen-free, catalysts 
scrubbed argon atmosphere using a combination of standard Schlenk techniques or in 
an M-Braun or Vacuum Atmospheres drybox. All glassware was oven dried and 
vacuum- and argon-flow degassed before use. All solvents were distilled over sodium 
benzophenone ketyl, except dichloromethane, which was distilled over CaH2, and 
degassed prior to use. All reagents were purchased from commercial sources and used 
without further purification. 
(b) Physical measurements 
Low-resolution mass spectra were obtained on a Finnigan MAT TSQ-700 mass 
spectrometer and high-resolution CI mass spectra recorded on a VG analytical ZAB-
VE sector instrument. All MS analyses were performed on samples that had been 
sealed in glass capillaries under an argon atmosphere. 1H, 13C{1H} and 11B NMR 
spectra were recorded at 295 K on a GE EQ-300 instrument (1H, 300 MHz 13C, 75 
MHz, 11B, 96 MHz) immediately following removal of the sample from the drybox. 
1H and 13C{1H} chemical shift values are reported in parts per million (ppm) relative 
to SiMe4 (δ 0.00), using residual solvent resonances as internal standards. 11B NMR 
data are referenced to BF3⋅OEt2 (δ 0.00). 
(c) X-ray crystallography 
For compounds 35, 36, 37, 38 and 39, a crystal of suitable quality was removed from 




hydrocarbon oil and mounted on a glass fiber. The X-ray diffraction data were 
collected at 153 K on a Nonius Kappa CCD diffractometer equipped with an Oxford 
Cryostream low-temperature device and a graphite-monochromated Mo Kα radiation 
source (λ = 0.71073 Å). Corrections were applied for Lorentz and polarization 
effects. All structures were solved by direct methods [24] and refined for full-matrix 
least-squares cycles on F2. All non-hydrogen atoms were allowed anisotropic thermal 
motion, and all hydrogen atoms were placed in fixed, calculated positions using the 
riding model (C-H 0.96 Å). Selected crystal data, and data collection and refinement 
parameters are listed in Table 2.2. 
(d) Syntheses 
 Synthesis of MesN(H)C(S)N(H)Mes (34). Carbon disulfide (9.53 g, 125 mmol) 
was added dropwise to a stirred mixture of MesNH2 (33.8 g, 250 mmol) and NEt3 
(25.5 g, 250 mmol) in 100 mL of water at room temperature. The reaction mixture 
was stirred for 1 h at room temperature and then heated to 90ºC for 14 h. After re-
cooling the reaction mixture to room temperature, it was poured into 100 mL of 
CH2Cl2, following which the organic layer was separated and dried over MgSO4. 
After filtration, the filtrate was concentrated and stored at -40ºC to afford a 90% yield 
of white powder 34. 1H NMR (CDCl3): δ 7.66 (s, 1H, NH), 7.01 (s, 2H, Ar-H), 6.87 
(s, 2H, Ar-H), 6.51 (s, 1H, NH), 2.41 (s, 6H, Ar-CH3), 2.35 (s, 3H, Ar-CH3), 2.25 (s, 
3H, Ar-CH3), 2.18 (s, 6H, Ar-CH3); 13C NMR (CDCl3): δ 181.7 (C=S), 138.0 (Ar), 
137.6 (Ar), 136.3 (Ar), 130.1 (Ar), 129.3 (Ar), 21.3 (Ar-CH3), 18.8 (Ar-CH3), 18.4 
(Ar-CH3). MS (CI+, CH4): m/z 313 (M+H). HRMS (CI, CH4) calcd. For C19H25N2S 




 Synthesis of DippN(H)C(S)N(H)Dipp (35). Colorless crystals of 35 were prepared 
in 93% yield from DippNH2 (94 g, 530 mmol), CS2 (20.20 g, 260 mmol) and NEt3 
(54.0 g, 530 mmol) using the procedure described above for 34. 1H NMR (CDCl3): δ 
8.93 (s, 1H, NH), 7.29 (dd, 2H, Ar-H), 7.20 (d, 4H, Ar-H), 6.41 (s, 1H, NH), 3.42 
(sept, 2H, Ar-C(H)Me2), 3.05 (sept, 2H, Ar-C(H)Me2), 1.38 (m, 18H, Ar-CH(Me)2), 
1.08 (d, 6H, Ar-CH(Me)2); 13C NMR (CDCl3): δ 182.6 (C=S), 148.4 (Ar), 146.9 (Ar), 
133.4 (Ar), 131.1 (Ar), 130.4 (Ar), 128.9 (Ar), 124.6 (Ar), 123.9 (Ar), 29.3 (Ar-
C(H)Me2), 28.9 (Ar-C(H)Me2), 26.2 (Ar-CH(Me)2), 24.5 (Ar-C(H)Me2), 24.0 (Ar-
C(H)Me2), 22.1 (Ar-CH(Me)2 MS (CI+, CH4): m/z 397 (M+H). HRMS (CI, CH4) 
calcd. for C25H37N2S 397.2677; found 397.2671.  
 
 Synthesis of MesN=C=NMes (36). A mixture of 34 (624 mg, 2 mmol), HgO (870 
mg, 4 mmol) and anhydrous MgSO4 (580 mg, 4.8 mmol) in 50 mL of toluene was 
refluxed overnight. After cooling to room temperature, the reaction mixture was 
filtered over Celite ® and the filtrate concentrated to dryness to afford an 85% yield 
of the title compound as a colorless microcrystalline solid. 1H NMR (CD2Cl2): δ 6.89 
(s, 4H, Ar-H), 2.40 (s, 12H, Ar-CH3), 2.30 (s, 6H, Ar-CH3); 13C NMR (CD2Cl2): δ 
134.5 (Ar), 132.9 (Ar), 129.5 (Ar), 129.4 (Ar), 21.1 (Ar-CH3), 19.2 (Ar-CH3). MS 
(CI+, CH4): m/z 278 (M+H). HRMS (CI, CH4) calcd. for C19H23N2, 279.1861; found 
279.1860. 
 
 Synthesis of DippN=C=NDipp (37). Colorless crystals of 37 were prepared in 87% 




(dd, 2H, Ar-H), 7.31 (d, 4H, Ar-H), 3.62 (sept, 4H, Ar-C(H)Me2), 1.41 (d, 24H, Ar-
CH(Me)2); 13C NMR (CDCl3): δ 143.2 (Ar), 129.1 (Ar), 125.3 (Ar), 123.7 (Ar), 29.6 
(Ar-C(H)Me2), 23.6 (Ar-CH(Me)2). MS (CI+, CH4): m/z 363 (M+H). HRMS (CI, 
CH4) calcd. for C25H35N2 363.2800; found 363.2789. 
 
Synthesis of [Ph2NC{NMes}2]BCl2 (38). A stirred solution of diphenylamine (339 
mg, 2 mmol) in diethyl ether (20 mL) was cooled to -78ºC and nBuLi (1 eq.) added 
via syringe. The reaction mixture was allowed to warm to room temperature and 
stirred for a further hour, at which point it was re-cooled to -78ºC and an ethereal 
solution (10 mL) of 36 (558 mg, 2 mmol) was added. The reaction mixture was once 
more allowed to warm to room temperature following which it was stirred for 1 h. For 
a third time the solution was cooled to -78ºC and BCl3 (2 mL, 1.0 M solution in 
hexane, 1 eq.) was added via syringe. The reaction mixture was then allowed to warm 
slowly to room temperature amd was stirred overnight. After filtration and solvent 
stripping, 38 was isolated as a white solid in 90% yield. 1H NMR (CD2Cl2): δ 6.93 
(dd, 2H, Ar-H), 6.66 (m, 4H, Ar-H), 6.57 (m, 4H, Ar-H), 6.46 (s, 4H, Ar-H), 2.43 (s, 
12H, Ar-CH3), 2.21 (s, 6H, Ar-CH3); 13C NMR (CD2Cl2): δ 140.3 (Ar), 136.0 (Ar), 
135.73 (Ar), 129.65 (Ar), 129.52 (Ar), 127.50 (Ar), 125.43 (Ar), 21.06 (Ar-Me), 
20.26 (Ar-Me); 11B NMR (CD2Cl2): δ 6.79. MS (CI+, CH4): m/z minor 528 (M+H), 
major 491 (M-Cl).  
 
 Synthesis of [Ph2NC{NDipp}2]BCl2 (39). Colorless needle-like, crystals of 39 




38. 1H NMR (CDCl3): δ 7.24 (m, 8H, Ar-H), 7.10 (m, 8H, Ar-H), 3.78 (sept, 2H, Ar-
C(H)Me2), 3.61 (sept, 2H, Ar-C(H)Me2), 1.41 (m, 24H, Ar-CH(Me)2); 13C NMR 
(CDCl3): δ 147.32 (Ar), 146.80 (Ar), 142.96 (Ar), 128.79 (Ar), 127.60 (Ar), 125.1 
(Ar), 124.89 (Ar), 124.63 (Ar), 123.48 (Ar), 29.35 (Ar-(C)HMe2), 23.45 (Ar-
CH(Me)2); 11B NMR (CDCl3): δ 9.17. MS (CI+, CH4): m/z 612 (M+H). HRMS (CI, 
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Table 2.2. Selected crystal data, data collection and refinement parameters for 35, 36, 37, 38 and 39 
 35 36 37 38 39 
Formula C25H34N2S C19H22N2 C25H34N2 C31H32N3BCl2 C37H44N3BCl2 
Formula weight 394.6 278.39 362.54 528.31 612.46 
Crystal system Monoclinic Triclinic Monoclinic Monoclinic Monoclinic 
Space group C2/c P-1 P2(1)/c P2(1)/c Pc 
a/Å 25.444(5) 8.400(5) 9.0454(18) 16.925(5) 12.258(5) 
b/Å 14.858(5) 8.612(5) 13.424(3) 12.612(5) 10.481(5) 
c/Å 18.332(5) 11.692(5) 18.684(4) 16.354(5) 16.149(5) 
α /° 90 76.709(5) 90 90 90 
β /° 122.823(5) 75.502(5) 102.93(3) 104.074(5) 124.90(2) 
γ/° 90 82.349 90 90 90 
V/Å3 5824(5) 794.4(7) 2211.1(9) 3386(2) 1701.5(12) 
Ζ 8 2 4 4 2 
Pcalcd/g cm-3 0.900 1.164 1.089 1.036 1.195 
F(000) 1712 300 792 1112 652 
Crystal size/mm 0.30 x 0.30 x 0.25 0.40 x 0.40 x 0.30 0.30 x 0.25 x 0.20  0.35 x 0.35 x 0.25 0.10 x 0.06 x 0.06 
θ  range/° 2.39 to 26.99 2.75 to 27.52 2.70 to 27.43 2.56 to 27.50 1.94 to 27.49 
No. of reflns. 
collected 11537 5357 4989 13089 6945 
No. of indep reflns. 6670 3594 2375 7728 6936 
R1[I > 2σ (I)] 0.0716 0.0488 0.0566 0.0562 0.0581 
wR2 (all data) 0.2144 0.1294 0.1250 0.1426 0.1242 









































Table 2.3.  Crystal data and structure refinement for 35. 
Identification code  35 
Empirical formula  C50 H72 N4 S2 
Formula weight  793.24 
Temperature  153(2) K 
Wavelength  0.71069 Å 
Crystal system  Monoclinic 
Space group  C2/c 
Unit cell dimensions a = 25.444(5) Å α= 90.000(5)°. 
 b = 14.858(5) Å β= 122.823(5)°. 
 c = 18.332(5) Å γ = 90.000(5)°. 
Volume 5824(3) Å3 
Z 4 
Density (calculated) 0.905 Mg/m3 
Absorption coefficient 0.121 mm-1 
F(000) 1728 
Crystal size 0.30 x 0.30 x 0.25 mm3 
Theta range for data collection 1.67 to 27.49°. 
Index ranges -33<=h<=33, -19<=k<=16, -23<=l<=23 
Reflections collected 11537 
Independent reflections 6670 [R(int) = 0.0352] 
Completeness to theta = 27.49° 99.7 %  
Absorption correction None 
Max. and min. transmission 0.9704 and 0.9646 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 6670 / 0 / 269 
Goodness-of-fit on F2 1.032 
Final R indices [I>2sigma(I)] R1 = 0.0716, wR2 = 0.2144 
R indices (all data) R1 = 0.1043, wR2 = 0.2328 




Table 2.4.   Bond lengths [Å] and angles [°] for 35. 
_____________________________________________________ 
C(1)-N(1)  1.346(3) 
C(1)-N(2)  1.353(3) 
C(1)-S(1)  1.682(2) 
C(2)-C(3)  1.393(3) 
C(2)-C(7)  1.417(4) 
C(2)-N(1)  1.439(3) 
C(3)-C(4)  1.396(4) 
C(3)-C(8)  1.518(4) 
C(4)-C(5)  1.370(5) 
C(5)-C(6)  1.408(4) 
C(6)-C(7)  1.405(3) 
C(7)-C(11)  1.503(3) 
C(8)-C(10)  1.532(5) 
C(8)-C(9)  1.545(4) 
C(11)-C(12)  1.517(4) 
C(11)-C(13)  1.536(4) 
C(14)-C(15)  1.383(3) 
C(14)-C(19)  1.404(3) 
C(14)-N(2)  1.442(3) 
C(15)-C(16)  1.392(4) 
C(15)-C(20)  1.518(4) 
C(16)-C(17)  1.401(4) 
C(17)-C(18)  1.382(4) 
C(18)-C(19)  1.391(3) 
C(19)-C(23)  1.525(3) 
C(20)-C(21)  1.511(4) 
C(20)-C(22)  1.521(5) 
C(23)-C(24)  1.498(4) 
C(23)-C(25)  1.522(4) 
N(1)-H(1)  0.94(4) 




































































































































Table 2.6.  Crystal data and structure refinement for 36 
Identification code  36 
Empirical formula  C19 H22 N2 
Formula weight  278.39 
Temperature  153(2) K 
Wavelength  0.71069 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 8.400(5) Å α= 76.709(5)°. 
 b = 8.612(5) Å β= 75.502(5)°. 
 c = 11.692(5) Å γ = 82.349(5)°. 
Volume 794.4(7) Å3 
Z 2 
Density (calculated) 1.164 Mg/m3 
Absorption coefficient 0.068 mm-1 
F(000) 300 
Crystal size 0.40 x 0.40 x 0.30 mm3 
Theta range for data collection 2.75 to 27.50°. 
Index ranges -10<=h<=8, -11<=k<=11, -15<=l<=14 
Reflections collected 5353 
Independent reflections 3591 [R(int) = 0.0219] 
Completeness to theta = 27.50° 98.4 %  
Absorption correction None 
Max. and min. transmission 0.9798 and 0.9732 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 3591 / 0 / 196 
Goodness-of-fit on F2 1.038 
Final R indices [I>2sigma(I)] R1 = 0.0488, wR2 = 0.1294 
R indices (all data) R1 = 0.0689, wR2 = 0.1446 




Table 2.7.   Bond lengths [Å] and angles [°] for 36. 
_____________________________________________________ 
C(1)-N(1)  1.2107(18) 
C(1)-N(2)  1.2179(18) 
C(2)-C(7)  1.3985(19) 
C(2)-C(3)  1.4037(19) 
C(2)-N(1)  1.4073(19) 
C(3)-C(4)  1.388(2) 
C(3)-C(8)  1.5034(19) 
C(4)-C(5)  1.3915(19) 
C(5)-C(6)  1.3926(19) 
C(5)-C(9)  1.500(2) 
C(6)-C(7)  1.389(2) 
C(7)-C(10)  1.5049(19) 
C(11)-C(12)  1.4012(19) 
C(11)-C(16)  1.404(2) 
C(11)-N(2)  1.4077(18) 
C(12)-C(13)  1.389(2) 
C(12)-C(17)  1.509(2) 
C(13)-C(14)  1.386(2) 
C(14)-C(15)  1.389(2) 
C(14)-C(18)  1.507(2) 
C(15)-C(16)  1.389(2) 














































































































Table 2.9.  Crystal data and structure refinement for 37. 
Identification code  37 
Empirical formula  C25 H34 N2 
Formula weight  362.54 gmol-1 
Temperature  153(2) K 
Wavelength  0.71073 Å 
Crystal system  monoclinic 
Space group  P21/c 
Unit cell dimensions a = 9.0454(18) Å α= 90°. 
 b = 13.424(3) Å β= 102.93(3)°. 
 c = 18.684(4) Å γ = 90°. 
Volume 2211.1(8) Å3 
Z 2 
Density (calculated) 1.089 Mg/m3 
Absorption coefficient 0.063 mm-1 
F(000) 792 
Crystal size 0.30 x 0.25 x 0.20 mm3 
Theta range for data collection 2.70 to 27.43°. 
Index ranges -11<=h<=11, -16<=k<=17, -24<=l<=24 
Reflections collected 8257 
Independent reflections 4989 [R(int) = 0.0592] 
Completeness to theta = 27.43° 99.1 %  
Absorption correction None 
Max. and min. transmission 0.9875 and 0.9814 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4989 / 0 / 253 
Goodness-of-fit on F2 0.934 
Final R indices [I>2sigma(I)] R1 = 0.0566, wR2 = 0.1250 
R indices (all data) R1 = 0.1488, wR2 = 0.1615 
Extinction coefficient 0.009(2) 





Table 2.10.   Bond lengths [Å] and angles [°] for 37. 
_____________________________________________________ 
C(1)-N(1)  1.213(2) 
C(1)-N(2)  1.221(2) 
C(2)-C(7)  1.400(3) 
C(2)-C(3)  1.408(3) 
C(2)-N(1)  1.415(2) 
C(3)-C(4)  1.392(3) 
C(3)-C(8)  1.510(3) 
C(4)-C(5)  1.381(3) 
C(5)-C(6)  1.376(3) 
C(6)-C(7)  1.390(3) 
C(7)-C(11)  1.519(3) 
C(8)-C(10)  1.525(3) 
C(8)-C(9)  1.527(3) 
C(11)-C(12)  1.520(3) 
C(11)-C(13)  1.522(3) 
C(14)-C(15)  1.401(3) 
C(14)-C(19)  1.405(3) 
C(14)-N(2)  1.425(2) 
C(15)-C(16)  1.398(3) 
C(15)-C(20)  1.519(3) 
C(16)-C(17)  1.375(3) 
C(17)-C(18)  1.385(3) 
C(18)-C(19)  1.380(3) 
C(19)-C(23)  1.522(3) 
C(20)-C(22)  1.527(3) 
C(20)-C(21)  1.530(3) 
C(23)-C(25)  1.520(3) 

























































































































Table 2.12.  Crystal data and structure refinement for 38. 
Identification code  38 
Empirical formula  C31 H32 B Cl2 N3 
Formula weight  528.31 
Temperature  153(2) K 
Wavelength  0.71069 Å 
Crystal system  Monoclinic 
Space group  P2(1)/c 
Unit cell dimensions a = 16.925(5) Å α= 90.000(5)°. 
 b = 12.612(5) Å β= 104.074(5)°. 
 c = 16.354(5) Å γ = 90.000(5)°. 
Volume 3386(2) Å3 
Z 4 
Density (calculated) 1.036 Mg/m3 
Absorption coefficient 0.212 mm-1 
F(000) 1112 
Crystal size 0.35 x 0.35 x 0.25 mm3 
Theta range for data collection 2.56 to 27.50°. 
Index ranges -21<=h<=21, -16<=k<=12, -21<=l<=21 
Reflections collected 13089 
Independent reflections 7728 [R(int) = 0.0441] 
Completeness to theta = 27.50° 99.3 %  
Absorption correction None 
Max. and min. transmission 0.9488 and 0.9294 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 7728 / 0 / 340 
Goodness-of-fit on F2 0.943 
Final R indices [I>2sigma(I)] R1 = 0.0562, wR2 = 0.1426 
R indices (all data) R1 = 0.0975, wR2 = 0.1577 





Table 2.13.   Bond lengths [Å] and angles [°] for 38. 
_____________________________________________________ 
C(1)-N(3)  1.342(2) 
C(1)-N(1)  1.346(3) 
C(1)-N(2)  1.353(2) 
C(2)-C(7)  1.394(3) 
C(2)-C(3)  1.412(3) 
C(2)-N(1)  1.434(2) 
C(3)-C(4)  1.394(3) 
C(3)-C(8)  1.508(3) 
C(4)-C(5)  1.389(3) 
C(5)-C(6)  1.372(3) 
C(5)-C(9)  1.521(3) 
C(6)-C(7)  1.395(3) 
C(7)-C(10)  1.498(3) 
C(11)-C(16)  1.397(3) 
C(11)-C(12)  1.398(3) 
C(11)-N(2)  1.428(3) 
C(12)-C(13)  1.397(3) 
C(12)-C(17)  1.498(3) 
C(13)-C(14)  1.390(3) 
C(14)-C(15)  1.385(3) 
C(14)-C(18)  1.510(3) 
C(15)-C(16)  1.391(3) 
C(16)-C(19)  1.512(3) 
C(20)-C(25)  1.386(3) 
C(20)-C(21)  1.389(3) 
C(20)-N(3)  1.443(3) 
C(21)-C(22)  1.388(3) 
C(22)-C(23)  1.376(3) 
C(23)-C(24)  1.378(3) 
C(24)-C(25)  1.386(3) 
C(26)-C(31)  1.381(3) 
C(26)-C(27)  1.382(3) 
C(26)-N(3)  1.448(2) 




C(28)-C(29)  1.373(4) 
C(29)-C(30)  1.383(3) 
C(30)-C(31)  1.382(3) 
N(1)-B  1.559(3) 
N(2)-B  1.566(3) 
Cl(1)-B  1.833(3) 
























































































































































































Table 2.15.  Crystal data and structure refinement for 39. 
Identification code  39 
Empirical formula  C37 H44 B Cl2 N3 
Formula weight  612.46 
Temperature  153(2) K 
Wavelength  0.71069 Å 
Crystal system  Monoclinic 
Space group  Pc 
Unit cell dimensions a = 12.258(5) Å α= 90.000(6)°. 
 b = 10.481(5) Å β= 124.90(2)°. 
 c = 16.149(5) Å γ = 90.000(5)°. 
Volume 1701.5(12) Å3 
Z 2 
Density (calculated) 1.195 Mg/m3 
Absorption coefficient 0.220 mm-1 
F(000) 652 
Crystal size 0.10 x 0.06 x 0.06 mm3 
Theta range for data collection 1.94 to 27.49°. 
Index ranges -15<=h<=15, -12<=k<=13, -20<=l<=20 
Reflections collected 6943 
Independent reflections 6934 [R(int) = 0.0258] 
Completeness to theta = 27.49° 99.3 %  
Absorption correction None 
Max. and min. transmission 0.9869 and 0.9783 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 6934 / 2 / 389 
Goodness-of-fit on F2 1.077 
Final R indices [I>2sigma(I)] R1 = 0.0568, wR2 = 0.1203 
R indices (all data) R1 = 0.1433, wR2 = 0.1745 
Absolute structure parameter 0.53(8) 





Table 2.16.   Bond lengths [Å] and angles [°] for 39. 
_____________________________________________________ 
C(1)-N(1)  1.341(6) 
C(1)-N(3)  1.353(6) 
C(1)-N(2)  1.360(5) 
C(2)-C(7)  1.401(6) 
C(2)-C(3)  1.409(6) 
C(2)-N(1)  1.440(6) 
C(3)-C(4)  1.393(7) 
C(3)-C(8)  1.522(6) 
C(4)-C(5)  1.376(7) 
C(5)-C(6)  1.388(7) 
C(6)-C(7)  1.388(7) 
C(7)-C(11)  1.516(6) 
C(8)-C(10)  1.518(7) 
C(8)-C(9)  1.546(7) 
C(11)-C(12)  1.528(7) 
C(11)-C(13)  1.530(7) 
C(14)-C(15)  1.400(7) 
C(14)-C(19)  1.419(6) 
C(14)-N(2)  1.441(6) 
C(15)-C(16)  1.385(7) 
C(15)-C(20)  1.531(7) 
C(16)-C(17)  1.388(7) 
C(17)-C(18)  1.376(8) 
C(18)-C(19)  1.392(7) 
C(19)-C(23)  1.517(7) 
C(20)-C(21)  1.518(7) 
C(20)-C(22)  1.539(7) 
C(23)-C(24)  1.521(8) 
C(23)-C(25)  1.522(8) 
C(26)-C(31)  1.382(7) 
C(26)-C(27)  1.387(7) 
C(26)-N(3)  1.449(6) 
C(27)-C(28)  1.373(8) 




C(29)-C(30)  1.367(8) 
C(30)-C(31)  1.377(7) 
C(32)-C(37)  1.387(7) 
C(32)-C(33)  1.387(7) 
C(32)-N(3)  1.440(6) 
C(33)-C(34)  1.398(7) 
C(34)-C(35)  1.375(8) 
C(35)-C(36)  1.377(9) 
C(36)-C(37)  1.384(7) 
B-N(2)  1.570(7) 
B-N(1)  1.578(6) 
B-Cl(1)  1.833(6) 















































































Symmetry transformations used to generate equivalent atoms:  
  
 
























































































































































In ongoing efforts to relieve the increasing global energy crisis, the use of solar 
energy has recently become an attractive alternative source of energy. The potential 
implications for a ‘carbon neutral’ global energy strategy of solar energy conversion are 
wide-ranging, but none is perhaps as promising as the direct conversion of sunlight into 
electricity, a process facilitated by devices called photovoltaics. Currently, achieving this 
lofty goal has been somewhat hampered by the high cost and low efficiency inherent in 
the available materials. Nevertheless, the allure of this research has led to a blossoming 
photovoltaic research community. However, despite intense efforts, the results thus far 
are limited to a few interesting systems, which have ultimately fallen short of the 
requirements for commercially viable photovoltaics.  
 Over the last decade organic-based solar cells have been increasingly studied as 
cheap and flexible alternatives to more traditional inorganic materials [1-5] such as those 
based on silicon. More conventional heterocomposite materials are typically based upon 
physical mixtures of inorganic nanoparticles and organic polymers and thus suffer from 
serious interface problems. Through utilization of well-defined chemical means it is 
possible to grow the requisite semiconducting nanoparticles within a polymer matrix and 
hence achieve an intimate contact between the two active components of a photovoltaic 




also readily electropolymerizable affords a conducting polymer with molecular ‘seed’ 


























M = Ga, In =
,  
Scheme 3.1. Proposed syntheses of target compounds. 
 
In choosing an appropriate ligand scaffold one must first consider the restrictions 
imposed upon the ultimate design requirements, namely molecules which have metal 
binding sites in addition to functional groups which allow subsequent 
electropolymerization of the monomers. The “salen” class of Schiff-base (SB) ligands 
was chosen for a number of reasons. Firstly, they are inexpensive, easily prepared and 
many variations in their metal binding properties can be achieved (Scheme 3.1). 




Pb2+ metal ions [6-8] it was anticipated that the target materials could be readily accessed  
by ligand manipulation, metal complex formation and electropolymerization. Indeed, 
several promising systems of this type have already been realized [9]. 
 The appending of polymerizable groups such as bithiophene to the Schiff base 
metal complexes permits the formation of conducting polymer films by means of 
potentiodynamic electropolymerization which is a well precedented process [10]. The 
metal centers in these conducting polymer films are strongly bound by the ligand 
framework and thus provide excellent electrical contact with the conducting polymer. 
Furthermore, these centers will also act as nucleation sites for the subsequent growth of 
inorganic semiconducting nanoparticles. In this regard the resulting inorganic 
nanocrystals may be considered as being “directly wired” into the polymer matrix thus 
avoiding the formation of an undesirable interface between the organic and inorganic 
components. The nature of the interface is often a problematic issue and can represent a 
serious drawback in the performance of such heterocomposite based photovoltaic devices 
[11].  
 The general approach to the seeded growth of nanoparticles within these polymer 
matrices is illustrated in Figure 3.1. In the case of the monomeric metal SB complexes 
(Scheme 3.1), the ligand environments can be characterized by techniques such as NMR, 
UV-Vis, and fluorescence spectroscopies, mass spectrometry, and single crystal X-ray 
crystallography. The metal-containing complexes will then be electrodeposited on a 
variety of conducting substrates utilizing well established electrochemical techniques 
[12] to track film growth and to characterize the resulting materials with regard to the 




Finally, the hybrid materials may be prepared in which semiconductor nanoparticles were 
incorporated into the conducting polymer matrix. The electronic properties of these 
materials can then be probed by using a battery of techniques such as TEM, XPS, 
electrochemistry and UV-Vis spectroscopy. 
 
 
Figure 3.1. Formation of new hybrid electronic materials. Reproduced with permission 
from Bradley J. Holliday. 
 
 The Group III sulfides are an interesting class of materials, which show promise 




materials have possible application in solar cells [13]. For example, In2S3 thin film solar 
cells have been reported with efficiencies as high as 16.4% [14]. Binary III/VI materials 
exhibit a number of stoichiometric forms including M2E3 (M = Ga, In; E = S) and have a 
range of mid- to wide-optical band gaps (e.g., In2S3 ∼2.00–2.20 eV and Ga2S3 ∼3.4 eV) 
[15, 16]. The preparation of thin films of the Group III sulfides has been widely reported. 
However, the synthetic routes to GaS nanoparticles have been somewhat neglected in the 
literature. Similarly, despite the increased attention paid to viable synthetic routes to 
nanocrystalline Group III/V semiconductors in the past few years [17-21], relatively little 
work has been published regarding the formation of nanocrystalline indium phosphide 
(InP). These Group III/V compound semiconductors represent promising materials for 
optoelectronic devices due to their bandgaps (∼1.34 eV), which are narrower than that of 
gallium arsenide and can be tailored depending on size of the nanocrystallites employed 
[22]. Prompted by the initial success of the seeded growth approach for the development 
of CdS and CdSe systems, it became important to develop viable approaches to the 
production materials based on Ga2S3 and InP nanparticles. This aspect of the program is 
now discussed. 
 









Results and Discussion 
 Model Complexes Synthesis and Characterization 
The initial phase of the work involved the synthesis and characterization of model 
Schiff base complexes of Ga3+, ligands that lack polymerizable bithiophene substituents. 
Such complexes were intended to provide key information regarding the coordination 
environments and geometries required by SB ligands that feature electropolymerizable 
bithiophene groups. Moreover, it was anticipated that these complexes would provide 
valuable insights in terms of their spectroscopic properties from which useful 

















41: X = NO3
42: X = Cl  
Scheme 3.2. Synthesis of SB-Ga model complexes. 
 
 Despite the wide variation possible in terms of the ligand backbone (Scheme 3.1), 
the dimethylpropane derivative illustrated in Scheme 3.2 was chosen because it was 
anticipated that it would result in increased solubility in comparison with the conjugated 
analogues. Treatment of 40 with an equimolar quantity of gallium nitrate in refluxing 
methanol solution afforded in virtually quantitative yield the product of the HNO3 




grown from a concentrated toluene solution. Compound 41 crystallizes in the monoclinic 
space group C2/c and the solid state consists of individual molecules with no unusually 
short intermolecular contacts (Figure 3.2). The asymmetric unit contains a half molecule 
of toluene. The geometry at the gallium center is best described as distorted octahedral 
and the bond angles O1-Ga1-O3 (150.39(15)º), O2-Ga1-N1 (176.10(15)º), and O4-Ga1-
N2 (152.94º) all deviate significantly from linearity. As expected, the greatest deviations 
are encountered with those atoms comprising the nitrate ligand. This ‘inequivalence’ is 
also evident in the significant discrepancy in the average Ga-O bond lengths, Ga-OSB 
1.867 Å and Ga-Onit. 2.160 Å. 
 





While this initial result was very promising, the appended nitrate functionality 
was regarded as undesirable, particularly in view of the necessity of using toxic hydride 
sources such as H2S, AsH3 and PH3 in subsequent growth steps. As a consequence, 
attention was turned to the chemistry of the chloro-substituted derivative 42. Addition of 
GaCl3 to the sodium salt of 40 (Scheme 3.2) resulted, after workup, in the gallium 
chloride Schiff base complex 42. The molecular structure of 42 was elucidated on the 
basis of single-crystal X-ray diffraction experiments. Suitable single crystals suitable for 
such studies were grown by slow diffusion of n-hexane into a concentrated chloroform 
solution of 42. In contrast to 41, the gallium center of 42 is five-coordinate and features a 
square-based pyramidal geometry (Figure 3.3). The angles O(1)-Ga(1)-O(2), O(1)-Ga(1)-
N(1), and O(2)-Ga(1)-N(2) are all close to 90°, being 86.90(7)°, 89.40(7)°, and 88.97(7)° 
respectively. There is however some evidence of distortion within this framework, 
namely the widely varying angles for O(1)-Ga(1)-N(2) and O(2)-Ga(1)-N(1), 126.41(8)° 
and 169.71(7)° respectively. The average Ga-O bond distance is 1.8772 Å and the 
average Ga-N bond distance is 2.0307 Å. The Ga-Cl bond distance for the apical chloride 
ligand is 2.2135(7) Å. These distances are in close agreement with a similar structure 
reported by Darensbourg et al. for a SB complex with a cyclohexyl backbone rather than 
the dimethylpropane SB ligand reported here [7e].  
 The analogous indium halide species were synthesized in a similar manner to that 
described for the gallium chloride discussed above (Scheme 3.3). Thus, treatment of the 
sodium salt of 40 with indium chloride or bromide at ambient temperature in THF 














Figure 3.3. Molecular structure of 42, with thermal ellipsoids shown at the 40% 
probability level. 
  
 Compounds 43 and 44 both crystallize in the monoclinic space group P21/c and 
the solid state consists of an ensemble of monomers that features no unusually short 

















43: X = Cl
44: X = Br  












Figure 3.4. Molecular structure of 43, with thermal ellipsoids shown at 40% probability 
level. 
  
 The overall structures of both 43 and 44 are similar to that of the gallium chloride 
analogue, 42, in the sense that all three structures display a distorted square based 
pyramidal geometry in which several important bond angles are distorted from their ideal 
values (see Table 3.1).  
 
Table 3.1. Important metrical parameters for 43 and 44. 
 43 44 
In-Oav (Å) 2.0699 2.064 
In-Nav (Å) 2.2040 2.200 
In-X (Å) 2.3975 2.5337 
O(1)-In(1)-O(2) (°) 85.59 85.82 
O(1)-In(1)-N(1) (°) 86.39 86.39 
O(2)-In(1)-N(2) (°) 84.59 84.71 
O(1)-In(1)-N(2) (°) 158.07 158.22 




 Bithiophene Complexes Synthesis and Characterization 
 Although the study of model complexes was very useful for the development of 
viable synthetic routes to the desired SB-metal complexes and for gleaning information 
about their patterns of reactivity (vide infra), such compounds lacked the ability to be 
polymerized. Accordingly, it was necessary to append polymerizable bithiophene 
moieties to the SB complexes. This was achieved as shown in Scheme 3.4 using the 
method described by Holliday et al. Thus, the Stille coupling of tri-n-butyltin bithiophene 
with p-bromosalicylaldehyde resulted in moderate yields (50-70%) of the desired 
aldehyde precursor 45. In turn, condensation of 45 with 2,2-dimethylpropanediamine in 
methanol solution afforded the polymerizable Schiff base compound 46 in essentially 























1) 2 NaH, THF, 12h









BT = Bithiophene  





Subsequent treatment of 46 with two equivalents of sodium hydride, followed by 
the addition of gallium trichloride resulted in a good yield of the desired gallium chloride 
substituted Schiff Base complex 47. Crystals suitable for single crystal X-ray diffraction 
experiments were grown by slow diffusion of hexane into a concentrated methylene 
chloride solution of 47. Compound 47 crystallizes in the triclinic space group P-1 and the 














Figure 3.5. Molecular structure of 47, with thermal ellipsoids shown at 40% probability 
level. Atoms S(4) and C(33) are disordered over two positions with site occupancy 





 As previously observed in the case of model-GaCl species, 42, the bonding at the 
gallium center is best described as that of a distorted square-based pyramid. The bond 
angles O(1)-Ga(1)-O(2), O(1)-Ga(1)-N(1), and O(2)-Ga(1)-N(2) of 87.65(10)°, 
90.64(11)°, and 80.41(10)° respectively all deviate from the ideal value of 90°. Moreover, 
further evidence of structural distortion is found in the bond angles O(1)-Ga(1)-N(2) and 
O(2)-Ga(1)-N(1), which have the values of 124.27(12)° and 170.40(11)°, respectively. 
The average Ga-O bond distance is 1.889 Å and the average Ga-N bond distance is 2.013 
Å. The Ga-Cl bond distance for the apical chloride ligand is 2.4436(13) Å and thus 
appreciably longer than the corresponding value of 2.2135(7) Å for 42. As is common in 
the solid-state structures of bithiophene containing molecules, there is considerable 
disorder in one of the thiophene rings. Complex 47 is sparingly soluble in CH2Cl2 and, as 
a consequence, the 13C NMR spectrum could not be recorded. The solution phase 1H 
NMR spectrum and both the low- and high-resolution mass spectra are consistent with 
the solid-state structure. 
 The corresponding indium chloride complex, 48, was synthesized by Joe Rivers, a 
collaborator in the research group of Professor Richard Jones, and was found to exist as a 
dimer in the solid state. Interestingly, the indium atom is six-coordinate and exhibits 
distorted octahedral geometry around the group 13 element center. This expansion of the 
coordination sphere is doubtless the result of the larger size of the indium atom in 
comparison with that of the gallium atom in 47. 
 It was envisioned that 47 would prove an ideal starting material for the 
construction of the desired polymer-embedded semiconducting gallium sulfide 




behaved electrochemical polymerization characteristics, no nanoparticle growth was 
observed when this polymer was treated with methylene chloride solutions of H2S. Thus, 
it was decided to make use of model complex 42 in an effort to explore the inherent 
reactivity of gallium chloride Schiff Base complexes of this type. 
 
 Reactivity studies of Gallium Chloride Schiff Base Complexes 
 The continued reluctance of the bithiophene substituted complex 47 to undergo 
nanoparticle formation prompted an examination of the chemistry of the model complex 
42. The hope was that a better understanding of the fundamental chemistry of the gallium 
species would permit satisfactory nanoparticle growth. However, as in the case of 47, 
treatment of 42 with H2S over extended periods of time and with a variety of reaction 
temperatures resulted in no detectable Ga-S bond formation. 
 Turning to the silyl halide elimination route, which has previously been 
successfully employed for the production of GaAs nanoparticles [23], complex 42 was 
treated with equimolar amounts of P(SiMe3), As(SiMe3)3 and S(SiMe3)2 in toluene 
solution at ambient temperatures. In one instance, block crystals of the hydrolysis product 
SB-Ga(OTMS) was isolated in good yield and characterized by single-crystal X-ray 
diffraction. However, no evidence was found for the formation of the desired Ga-P, Ga-
As or Ga-S bonds. Further insight into this seeming lack of reactivity came from closer 
examination of the indium complex 48. As noted above, the indium complex undergoes 
an increase in coordination number from five to six, while the corresponding gallium 
complex 47 does not. Reasoning that the gallium atom is coordinatively saturated in 47, 




the appended chloride ligand to afford a four-coordinate ‘active’ cationic moiety. 
Accordingly, treatment of a methylene chloride / acetonitrile solution of 42 with one 
equivalent of AgPF6 afforded a pale yellow powder which was identified as the desired 




Scheme 3.5. Synthesis of four-coordinate gallium Schiff Base complex, 49. 
 
 Fortunately, on one occasion it was possible to isolate crystals suitable for X-ray 
diffraction experiments. However, the data obtained were of poor quality, thus precluding 
any meaningful discussion of metrical parameters. Nevertheless, the connectivity of the 
structure was clearly established. As illustrated in Figures 3.6 (a) and (b), the chloride 
anion was successfully abstracted and, in the solid state, there is intimate contact between 
a fluoride atom of the PF6 ligand and the gallium center. Moreover, a closer examination 
of the extended structure of 49 (Figure 3.6 (b)), reveals that the PF6- anion forms a bridge 
between the layers of Schiff Base complexes in a one-dimensional polymeric fashion. 
 NMR spectroscopic assays showed, however, that this structure is not retained in 

























a JP-F of 706 Hz was observed. The 31P NMR spectrum comprised a septet centered at δ -
149.37, with a JP-F value of 706 Hz. Clearly, only one F and one P environment is present 
in the solution phase. 
 
Figure 3.6. (a) Molecular structure of 49 showing the connectivity; (b) Extended solid-
state structure of 49. 
 
 Having successfully demonstrated the ability to abstract an appended halide, the 
halide ion abstraction method was applied to the bithiophene-derivative 47 in order to 
form the chloride-abstracted Schiff Base complex, 50. Unfortunately, repeated efforts to 
obtain crystals suitable for X-ray diffraction from a variety of solvents and crystallization 
techniques failed hence it was necessary to rely on NMR spectroscopy. As observed in 




indicative of the presence of a halide-abstracted species in solution (δ -69.39, doublet, JP-
F of 710 Hz and δ -139.19, septet, JP-F of 710 Hz respectively). Unfortunately, the low 
solubility of 50 and the relatively low NMR sensitivity of the 69Ga and 71Ga nuclei 
proved to be a hindrance in complete characterization of the discrete monomer 50. 
 Despite the incomplete characterization of 50 it was decided to carry out further 
investigation of the potential utility of 50 to serve as a scaffold for the construction of 
polymer / nanoparticle hybrid systems. This work was carried out in collaboration with 
Michelle Mejia in the research group of Professor Bradley Holliday and as such, only the 
salient details of these results will be presented here. Through careful potentiodynamic 
electropolymerization of 50 in a methylene chloride / acetonitrile medium, a thin film of 
the corresponding polymer of 50 was deposited onto an ITO slide. The cyclic 
voltammograms obtained, which are displayed in Figure 3.7, exhibit the characteristic 
oxidative and reductive cycles expected in the polymerization of bithiophene derivatives. 
Additionally, by plotting the applied current against the number of scans (Figure 3.8), a 
linear progression is evident, thus indicating a well-behaved system. Note, however, that 
the relatively shallow slope is indicative of a somewhat ‘sluggish’ polymerization. 
 With readily polymerized films of 50 in hand, these substrates were then exposed 
to nanoparticle growth conditions. These conditions involve exposure of the film to 
methylene chloride solutions of H2S and Ga(NO3)3 on an alternating basis. 
Characterization of the resulting embedded gallium sulfide nanoparticles was 







Figure 3.7. Cyclic voltammogram for the electropolymerization 




Figure 3.8. Linear relationship of current with number of scans 

















Figure 3.9. Size distribution of, and TEM image of GaS 
nanoparticles embedded within polymer of 50, after exposure 
to two treatments of growth conditions. 
Figure 3.10. Size distribution of, and TEM image of GaS 
nanoparticles embedded within polymer of 50, after exposure 





 The relatively narrow size distribution of the GaS nanoparticles is clearly evident 
in Figures 3.9 and 3.10. This is a remarkable achievement given the underlying simplicity 
of the growth technique. Moreover, with no ‘specialized’ treatments, the production of 
nanocrystals is also achieved during the growth process. 
  
 Reactivity studies of Indium substituted Schiff Base complexes 
 In an effort to gain access to a broader swathe of the solar spectrum, synthetic 
access to semiconductors with band gaps of varying size is necessary. In order to explore 
the ability of Schiff base ligands to support important III-V semiconductors such as InP, 
work is underway to test the reactivity of the indium –substituted model complexes 43 
and 44 with a variety of phosphorus-containing reagents.  
As noted previously, the indium chloride analogue, 48, of the gallium chloride 
bithiophene-Schiff Base 47 forms a dimer in the solid state in which the indium centers 
are six-coordinate and the geometry is best described as distorted octahedral. It is 
noteworthy that the model indium halide complexes 43 and 44, are square-based 
pyramidal in nature and do not form dimers in the solid state. This difference is 
undoubtedly the result of the increased steric loading at the aryl position ortho- to the 
phenol with a bulky tert-butyl group. In an effort to provide access to alternative 
semiconducting nanoparticles based upon an appropriately substituted indium precursor 
was desirable for the twin purposes of proving the generality of the seeded growth 
approach and, more importantly, gaining access to a broader range of the solar spectrum 




the substitution of the originally targeted ligand with a bulky tert-butyl group in a 
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BT = Bithiophene  
Scheme 3.6. Proposed synthesis of polymerizable indium chloride substituted Schiff base 
complex 53. 
 
 The precursor bromo-substituted tert-butylsalicylaldehyde was synthesized 
according to the literature method in high yield from commercially available products 
[23]. The bulky SB compound, 52, was prepared in an analogous fashion to that 
employed for the synthesis of 46. Unfortunately, current studies have not progressed to 
the final metallation step at the time of writing. However, the synthetic methodology 
proposed is entirely consistent with previous syntheses and is expected to proceed as 
planned. Preliminary data are, however, available for a discussion of the reactivity 




 Treatment of 44 with AgBF4 in methylene chloride solution afforded, after 
stirring overnight, the BF4- salt of the desired indium cation as outlined in Scheme 3.7. 
After removal of material by filtration, the solvent was removed under reduced pressure 
and the resulting yellow residue was re-dissolved in toluene. To this toluene solution was 
added (THF)2→LiP(SiMe3)2 [24] at ambient temperature and the reaction mixture was 
stirred overnight. Work up of this reaction mixture involved removal of the solvent and 
subsequent extraction of the residue with hexane. Crystals suitable for single crystal X-
ray diffraction study were grown from a toluene solution of 54 layered with hexane. 
 
 
Scheme 3.7. Synthesis of 54, a phosphorus-substituted indium-SB complex. 
  
 Despite low- and high-resolution mass spectral evidence for the formation of the 
desired complex 54, the isolated crystals proved to be the dimeric structure 55, shown in 
Figure 3.11. Clearly, the formation of 55 results from the reaction of 54 with a further 
equivalent of the indium cation, or perhaps starting material 44. Complex 55 crystallizes 
in the triclinic space group P-1 as an ensemble of monomers with no unusually short 
intermolecular contacts. Interestingly, the indium centers of 55 display two different five-




















pyramidal at In(2). The bond angles O(3)-In(2)-O(4), O(3)-In(2)-N(3), and O(4)-In(2)-
N(4) are all close (albeit somewhat acute) to 90°, being 83.32(13)°, 83.17(14)°, and 
81.02(14)° respectively. The distortion within this framework, namely the acute nature of 
the bond angles, is clearly the result of the second sterically demanding SB ligand within 
the coordination sphere. The trigonal bipyramidal geometry about In(1) is also 
appreciably distorted, the indium-oxygen and indium-nitrogen bonds displaying a 
tendency to splay away from the direction of the phosphorus atom. This distortion is most 
evident in the bond angles P(1)-In(1)-O(1), P(1)-In(1)-N(2), O(1)-In(1)-N(2), and O(2)-
In(1)-N(1) which all exhibit values which deviate from the ideal values, being 
135.91(10)°, 110.00(11)°, 112.97(14)° and 153.11(13)° respectively. The average In-O 
bond distance is 2.115(3) Å and the average In-N bond distance is 2.265(4) Å. The In-P 




 A range of Schiff base gallium complexes, with and without polymerizable 
bithiophene substituents, have been prepared. The complexes bearing bithiophene 
substituents can be electropolymerized to give conducting thin films containing Ga. 
However, initial attempts to grow gallium sulfide within the polymer matrices by 
sequential treatment with H2S and Ga(NO3)3 were unsuccessful. The reason for this lack 
of reactivity was probed using the newly synthesized model complex, 42. 
 Since it seemed reasonable to assume that the electropolymerized film featured a 




saturation at the metal center. It was discovered that treatment of the SB-Ga-Cl 
complexes, with or without bithiophene moieties, with AgPF6 in CH3CN/CH2Cl2 solution 
resulted in chloride anion abstraction and generation of a four-coordinate cationic center 
at gallium accompanied by a weakly coordinating PF6 anion. The solid-state structure of 
49 consists of a one-dimensional coordination polymer of cationic gallium moieties 
bridged by PF6 anions. 
 
Figure 3.11. Molecular structure of 55, with thermal ellipsoids shown at the 40% 
probability level. The tert-butyl substituents have been omitted for clarity. 
 
 Treatment of the electropolymerized thin film of 50 with AgPF6 followed by 




growth within the polymer matrix. This result is particularly significant because it shows 
that nanoparticle formation must originate at the pre-designed seed point – in this case an 
activated Ga center. If this center is not present then formation of polymer bound 
nanoparticles does not occur. 
 The preparation of InP nanocrystals via low temperature growth techniques is of 
significant technological importance. Initial efforts have focused on the use of the 
appended halide as a functional group to help initiate the growth of the semiconductor 
nanoparticle and thus anchor it to the polymer matrix. Preliminary results suggest that 
this is possible by a salt metathesis reaction of the indium halide complex with a suitable 
metallated phosphorus reagent. Current studies are focused on the preparation of a bulky 
bithiophene-substituted SB indium complex in an effort to disfavor unwanted dimer by 
using the steric crowding afforded by appropriately placed tert-butyl groups. The 
isolation of the In-P-In dimer, 55, while an unwanted by-product, does indicate the 
reactivity of the P-SiMe3 bonds and their potential utility to serve as appropriate growth 













(a) General procedures 
All manipulations and reactions were performed under a dry, oxygen-free, catalyst-
scrubbed argon atmosphere using a combination of standard Schlenk techniques or in an 
M-Braun or Vacuum Atmospheres drybox.  All glassware was oven-dried and vacuum- 
and argon flow-degassed before use. All solvents were distilled over sodium 
benzophenone ketyl, except dichloromethane, which was distilled over CaH2, and 
degassed prior to use.  Unless specified, all starting materials were obtained 
commercially and used without further purification.  
(b) Physical measurements 
Low-resolution CI mass spectra were obtained on a Finnigan MAT TSQ-700 mass 
spectrometer and high-resolution CI mass spectra recorded on a VG Analytical ZAB-VE 
sector instrument.   All MS analyses were performed on samples that had been sealed in 
glass capillaries under an argon atmosphere.  1H, 13C{1H}, 11B, 19F and 31P{1H}  NMR 
spectra were recorded at 295 K in C6D6 solutions on a GE EQ-300 instrument (1H, 300 
MHz; 13C, 75 MHz, 11B, 96 MHz, 19F, 282 MHz, 31P, 121 MHz) immediately following 
removal of the sample from the drybox.  1H and 13C{1H} chemical shift values are 
reported in parts per million (ppm) relative to SiMe4 (δ 0.00), using residual solvent 
resonances as internal standards.  11B NMR data are referenced to BF3:OEt2 (δ 0.00).  
Melting points (uncorrected) were obtained on a Fisher-Johns apparatus after flame-






(c) X-ray crystallography 
For compounds 41, 42, 43, 44, 47, and 55, a crystal of suitable quality was removed from 
a Schlenk flask under positive argon pressure, covered immediately with degassed 
hydrocarbon oil and mounted on a glass fiber.  The X-ray diffraction data were collected 
at 153 K on a Nonius Kappa CCD diffractometer equipped with an Oxford Cryostream 
low-temperature device and a graphite-monochromated Mo Kα radiation source (λ = 
0.71073 Å).  Corrections were applied for Lorentz and polarization effects.  All structures 
were solved by direct methods [25] and refined by full-matrix least-squares cycles on F2.  
All non-hydrogen atoms were allowed anisotropic thermal motion, and hydrogen atoms 




 Synthesis of Model Schiff Base-GaNO3 (41). In a round-bottom flask, 40 (535 
mg, 1 mmol), gallium nitrate (390 mg, 1 mmol) and an ethanol : methanol (1:1, 50 mL) 
solution were mixed. This mixture was heated to reflux temperature and stirred overnight. 
After concentration of the crude mixture to half-volume the flask was stored at -40°C for 
12h at which point the desired product was obtained as pale yellow crystals ( mg, %). 1H 
NMR (CD2Cl2): δ 8.24 (s, 2H, C(H)=N), 7.55 (m, 1H, Ar-H), 7.15 (m, 1H, Ar-H), 3.58 
(br m, 4H, N-CH2), 1.42 (s, 18H, C(CH3)3), 1.38 (s, 18H, C(CH3)3), 1.11 (s, 6H, CH3); 
13C NMR (CD2Cl2): δ 172.71 (C=N), 165.87 (Ar), 141.68 (Ar), 139.16 (Ar), 131.72 (Ar), 
128.65 (Ar), 117.19 (Ar), 67.441 (N-CH2), 35.69 (CMe3), 34.30 (CMe3), 31.38 (CMe3), 
29.48 (CMe3), 29.34 (CH3). MS (CI+, CH4): m/z 666 (M+H); 604 (M-NO3). HRMS (CI, 





 Synthesis of Model Schiff Base-GaCl (42). A solution of 40 (1.000 g, 1.87 
mmol) in THF (50 mL) was added slowly to a suspension of KH (0.150 g, 3.74 mmol) in 
THF (10 mL) at ambient temperature. The mixture was allowed to stir for 12h. The 
resulting yellow solution was added to a solution if GaCl3 (0.329 g, 1.87 mmol) in THF 
(20 mL) and stirred for a further 12h. All volatiles were subsequently removed at reduced 
pressure and the yellow residue extracted with methylene chloride to afford the product 
as a yellow powder (1.04 g, 90%). 1H NMR (CD2Cl2): δ 8.38 (s, 2H, C(H)=N), 7.40 (m, 
1H, Ar-H), 7.12 (m, 1H, Ar-H), 3.13 (br m, 4H, N-CH2), 1.47 (s, 18H, C(CH3)3), 1.35 (s, 
18H, C(CH3)3), 1.11 (s, 6H, CH3). MS (CI+, CH4): m/z 637 (M+H); 601 (M-Cl). HRMS 
(CI, CH4) calcd. for C37H44BCl2N3 611.3131; found 611.3123. 
 
 Synthesis of Model Schiff Base-InCl (43). A solution of 40 (1.000 g, 1.87 
mmol) in THF (50 mL) was added slowly to a suspension of NaH (0.090 g, 3.74 mmol) 
in THF (10 mL) at ambient temperature. The mixture was allowed to stir for 12h. The 
resulting yellow solution was added to a solution if InCl3 (0.414 g, 1.87 mmol) in THF 
(20 mL) and stirred for a further 12h. All volatiles were subsequently removed at reduced 
pressure and the yellow residue extracted with methylene chloride to afford the product 
as a yellow powder (1.27 g, 99%). 1H NMR (CD2Cl2): δ 8.42 (s, 2H, C(H)=N), 7.42 (m, 
1H, Ar-H), 7.17 (m, 1H, Ar-H), 3.53 (br m, 4H, N-CH2), 1.48 (s, 18H, C(CH3)3), 1.34 (s, 
18H, C(CH3)3), 1.12 (s, 6H, CH3). MS (CI+, CH4): m/z 683 (M+H); 647 (M-Cl). HRMS 





Synthesis of Model Schiff Base-InBr (44). Pale yellow plate-like, crystals of 44 
were prepared in 90% yield from 40 using the same procedure that was described for 43. 
1H NMR (CDCl3): δ. MS (CI+, CH4): m/z 728 (M+H). HRMS (CI, CH4) calcd. for 
C35H53N2O2BrIn 727.2329; found 727.2328. 
 
Synthesis of N,N’-((2,2’-dimethyl)propyl)-bis(5-(2,2’-bithiophene-5-
yl)salicylidenimine) (47). A solution of 46 (250 mg, 0.32 mmol) in THF (50 mL) was 
added to a slurry of NaH (19 mg, 0.78 mmol) in THF (50 mL) and this mixture stirred for 
12 hours at ambient temperature. Filtration of the slightly cloudy solution yielded a clear 
solution which was subsequently added to a solution of GaCl3 (69 mg, 0.32 mmol) in 
THF (30 mL). After stirring overnight the mixture was filtered and all volatiles removed 
from the filtrate at reduced pressure. The yellow residue obtained was recrystallized from 
a THF/hexane mixture to afford a yellow microcrystalline solid (236 mg,  97%). 1H NMR 
(CD2Cl2): δ 8.28 (s, 2H, HC=N), 7.69 (dd, 2H, Ar-H), 7.53 (d, 2H, Ar-H), 7.28 (m, 2H, 
Ar-H), 7.23 (m, 2H, Ar-H), 7.17 (m, 4H, Ar-H), 7.06-7.09 (m, 4H, Ar-H), 4.06 (d, 2H, 
CH2), 3.40 (d, 2H, CH2), 1.22 (s, 3H, CH3), 1.09 (s, 3H, CH3). MS (CI+, CH4): m/z 741 
(M+H), 707 (M-Cl). HRMS (CI, CH4) calcd. for C35H29N2O2S4ClGa69 741.0056; found 
741.0054. 
 
Synthesis of Abstracted [Model Schiff Base-Ga][PF6] (49). To a stirred 
solution of 42 (32 mg, 0.05 mmol) in a methylene chloride : acetonitrile (1:1, 10 mL) was 
added in one portion silver hexafluorophosphate (13 mg, 0.05 mmol) at ambient 




filtered and all volatiles were removed at reduced pressure to give a yellow residue, 
which was crystallized from methylene chloride to afford the product as a yellow solid 
(30 mg, 80%). 1H NMR (CD2Cl2): δ 8.54 (s, 2H, C(H)=N), 7.66 (d, 2H, Ar-H), 7.42 (d, 
2H, Ar-H), 3.76 (br s, 4H, N-CH2), 1.47 (s, 18H, C(CH3)3), 1.36 (s, 18H, C(CH3)3), 1.24 
(br s, 6H, CH3). 13C NMR (CD2Cl2): δ 169.36 (HC=N), 157.02 (Ar), 142.94 (Ar), 136.54 
(Ar), 131.69 (Ar), 131.69 (Ar), 129.16 (Ar) 116.19 (Ar), 64.15 (N-CH2), 36.34 (CMe3), 
34.22 (CMe3), 30.73 (CMe3), 29.24 (CMe3), 23.18 (CH3). 19F NMR (CD2Cl2): δ  -73.32 
(d, PF6). 31P NMR (CD2Cl2): δ -149.37 (sept, PF6). MS (CI+, CH4): m/z 602 (M+H). 
HRMS (CI, CH4) calcd. for C35H52N2O2Ga 601.3285; found 601.3283. 
 
Synthesis of Abstracted [Bithiophene Schiff Base-Ga][PF6] (50). To a stirred 
solution of 47 (32 mg, 0.05 mmol) in a methylene chloride : acetonitrile (1:1, 10 mL) was 
added in one portion silver hexafluorophosphate (13 mg, 0.05 mmol) at ambient 
temperature. The mixture was allowed to stir for 12h. The resulting yellow solution was 
filtered and all volatiles were removed at reduced pressure to give a yellow residue, 
which was crystallized from methylene chloride to afford the product as a yellow solid 
(30 mg, 80%). 1H NMR (CD2Cl2): δ 8.60 (s, 2H, C(H)=N), 7.76 (m, 4H, Ar-H), 7.23 (m, 
4H, Ar-H), 7.14 (m, 4H, Ar-H), 6.98 (m, 4H, Ar-H), 3.84 (br s, 4H, N-CH2), 1.20 (br s, 
6H, CH3). 19F NMR (CD2Cl2): δ  -69.39 (d, PF6). 31P NMR (CD2Cl2): δ -139.19 (sept, 
PF6). MS (CI+, CH4): m/z 705 (M+H). HRMS (CI, CH4) calcd. for C35H28N2O2S4Ga 





Synthesis of 5-(2,2’-bithiophene-5-yl)-2-hydroxy-3-tertbutylbenzaldehyde 
(51). To a 100 mL Schlenk flask equipped with a reflux condenser was added the 
palladium catalyst, PdCl2(PPh3)2, (5 mol %) and the tributyltin-bithiophene (1.05 eq.). 
The flask was then evacuated and refilled three times before addition of toluene (∼30 
mL), followed by subsequent addition of the bromo-salicylaldehyde (1 eq.). The stirred 
reaction mixture was then warmed to 80 °C at which point the mixture began to 
noticeably darken. After 48h the reaction was cooled to room temperature, the solvent 
removed in vacuuo and the brown/black residue redissolved in methylene chloride. 
Residual palladium was removed via filtration through a silica plug and the filtrate 
treated with a saturate ammonium chloride solution. After drying with magnesium 
sulfate, the solvent was removed and the product isolated as a yellow powder. Further 
purification may be achieved by trituration in petroleum ether, though this results in a 
dramatic drop in product yield. 1H-NMR (CD2Cl2): δ 11.87 (s, 1H, OH), 9.95 (s, 1H, 
HC=O), 7.78 (s, 1H, Harom), 7.66 (s, 1H, Harom), 7.12-7.25 (m, 4H, Harom), 7.01 (m, 1H, 
Harom), 1.47 (s, 9H, tBu). 13C NMR (CD2Cl2): δ 197.06 (C(O)H) 160.53 (Arom-OH), 
138.80 (Arom), 135.80 (Arom), 131.32 (Arom), 128.31 (Arom), 124.25 (Arom), 123.10 
(Arom),. 120.47 (Arom), 34.69 (C(Me)3), 26.63 (C(Me)3).  LRMS (CI+ m/z) (%): 343 
(100%, MH+). HRMS (CI+ CH4) calcd. for: C19H19O2S2 343.0826 ; Found 343.0827. 
 
Synthesis of N,N’-((2,2’-dimethyl)propyl)-bis(5-(2,2’-bithiophene-5-yl) -2-hydroxy-3-
tertbutylsalicylidenimine) (52). To a methanol solution (50 mL) of the salicylaldehyde 
was added the diamine (0.5 eq) as a solution in methanol (5 mL). The yellow mixture was 




room temperature and the product was isolated via filtration, yielding a yellow solid. 1H-
NMR (CD2Cl2) δ: 1.51 [s, 18H, tBu], 3.53 [m, 2H, N-CH2], 7.03-7.19 [m, 10H, Harom], 
7.37 [s, 2H, Harom], 7.58 [s, 2H, Harom], 8.40 [s, 2H, HC=N], 14.33 [s, 2H, OH]. 13C NMR 
(CD2Cl2) δ: 24.58 [CH3], 29.42 [C(Me)3], 35.29 [C(Me)3], 68.47 [N-CH2], 119.10 
[Arom], 122.76 [Arom], 123.65 [Arom], 124.31 [Arom], 124.50 [Arom], 124.91 [Arom], 
127.00 [Arom], 127.47 [Arom], 128.25 [Arom], 135.68 [Arom], 137.86 [Arom], 138.53 
[Arom], 143.71 [Arom], 161.03 [Arom-OH], 166.79 [N=CH].  LRMS (CI+ m/z) (%): 
752 (M+H, 100%) HRMS (CI+ CH4) calcd. for: C43H46N2O2S4 751.2520; Found 
751.25149. 
 
Reaction of 44 with (THF)2→Li-P(SiMe3)2 (54 and 55). To a methylene chloride (10 
mL) solution of 44 ( g, mmol) was added AgBF4 ( g, mmol) at ambient temperature. This 
reaction mixture was then stirred overnight and insoluble materials removed by filtration. 
Removal of solvent at reduced pressure afforded a yellow residue which was redissolved 
in toluene and (THF)2→Li-P(SiMe3)2 ( g, mmol) added as a solid at room temperature. 
This mixture was stirred overnight, the solvent was removed at reduced pressure and the 
yellow residue obtained extracted with hexanes to afford, after solvent stripping a yellow 
oily residue. Crystals of 55 were isolated from a toluene solution of the obtained residue. 
Mass spectral data were obtained for both 54 and 55 in addition to 31P NMR data for 55. 
54: LRMS (CI+ m/z): 824 (M+H). HRMS (CI+ CH4) calcd. for: C41H70N2O2Si2PIn 
824.3752; Found 824.3748. 55: 31P NMR (C6D6): δ -304.01 (s). LRMS (CI+ m/z): 1399 
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Table 3.2.  Crystal data and structure refinement for 41. 
Identification code  41 
Empirical formula  C38.50 H56 Ga N3 O5 
Formula weight  710.58 
Temperature  153(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  C 1 2/c 1 
Unit cell dimensions a = 30.798(6) Å α= 90°. 
 b = 12.114(2) Å β= 118.67(3)°. 
 c = 23.235(5) Å γ = 90°. 
Volume 7606(3) Å3 
Z 8 
Density (calculated) 1.241 Mg/m3 
Absorption coefficient 0.768 mm-1 
F(000) 3032 
Crystal size 0.15 x 0.10 x 0.10 mm3 
Theta range for data collection 1.51 to 27.45°. 
Index ranges -39<=h<=39, -15<=k<=14, -30<=l<=30 
Reflections collected 13373 
Independent reflections 8488 [R(int) = 0.0878] 
Completeness to theta = 27.45° 97.7 %  
Absorption correction None 
Max. and min. transmission 0.9272 and 0.8935 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 8488 / 0 / 442 
Goodness-of-fit on F2 1.015 
Final R indices [I>2sigma(I)] R1 = 0.0675, wR2 = 0.1406 
R indices (all data) R1 = 0.1868, wR2 = 0.2037 




Table 3.3.   Bond lengths [Å] and angles [°] for 41. 
_____________________________________________________ 
C(1)-O(1)  1.329(6) 
C(15)-N(1)  1.298(6) 
C(16)-N(1)  1.466(6) 
C(18)-N(2)  1.483(6) 
C(19)-N(2)  1.295(6) 
C(22)-O(2)  1.327(6) 
N(1)-Ga(01)  2.021(4) 
N(2)-Ga(01)  2.001(4) 
N(3)-O(5)  1.209(5) 
N(3)-O(3)  1.257(5) 
N(3)-O(4)  1.297(6) 
O(1)-Ga(01)  1.855(3) 
O(2)-Ga(01)  1.878(3) 
O(3)-Ga(01)  2.165(4) 


































Symmetry transformations used to generate equivalent atoms:  
#1 -x,y,-z+3/2  
  


























































Symmetry transformations used to generate equivalent atoms:  




Table 3.5.  Crystal data and structure refinement for 42. 
Identification code  42 
Empirical formula  C35 H52 Cl Ga N2 O2 
Formula weight  637.96 
Temperature  153(2) K 
Wavelength  0.71069 Å 
Crystal system  orthorhombic 
Space group  Pbma 
Unit cell dimensions a = 12.1280(2) Å α = 90°. 
 b = 22.6490(3) Å β = 90°. 
 c = 25.8340(5) Å γ = 90°. 
Volume 7096.3(2) Å3 
Z 8 
Density (calculated) 1.194 Mg/m3 
Absorption coefficient 0.881 mm-1 
F(000) 2720 
Crystal size 0.21 x 0.18 x 0.18 mm3 
Theta range for data collection 2.30 to 27.46°. 
Index ranges -15<=h<=15, -29<=k<=29, -33<=l<=33 
Reflections collected 15270 
Independent reflections 8090 [R(int) = 0.0466] 
Completeness to theta = 27.46° 99.6 %  
Max. and min. transmission 0.8575 and 0.8366 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 8090 / 0 / 384 
Goodness-of-fit on F2 1.028 
Final R indices [I>2sigma(I)] R1 = 0.0430, wR2 = 0.0936 
R indices (all data) R1 = 0.0864, wR2 = 0.1099 





Table 3.6.   Bond lengths [Å] and angles [°] for 42. 
_____________________________________________________ 
C(4)-N(1)  1.466(3) 
C(5)-N(2)  1.464(3) 
C(6)-N(1)  1.279(3) 
C(12)-O(1)  1.326(3) 
C(21)-N(2)  1.294(3) 
C(27)-O(2)  1.319(3) 
N(1)-Ga(1)  2.0613(19) 
N(2)-Ga(1)  2.0001(18) 
O(1)-Ga(1)  1.8448(16) 
O(2)-Ga(1)  1.9096(15) 































































Table 3.8.  Crystal data and structure refinement for 43. 
Identification code  43 
Empirical formula  C35 H52 Cl In N2 O2 
Formula weight  683.06 
Temperature  293(2) K 
Wavelength  0.71069 Å 
Crystal system  monoclinic 
Space group  p21/c 
Unit cell dimensions a = 17.436(5) Å α= 90.000(5)°. 
 b = 11.666(5) Å β= 112.646(5)°. 
 c = 18.613(5) Å γ = 90.000(5)°. 
Volume 3494(2) Å3 
Z 4 
Density (calculated) 1.298 Mg/m3 
Absorption coefficient 0.784 mm-1 
F(000) 1432 
Crystal size 0.20 x 0.20 x 0.20 mm3 
Theta range for data collection 2.11 to 27.48°. 
Index ranges -22<=h<=22, -15<=k<=13, -24<=l<=24 
Reflections collected 12850 
Independent reflections 7932 [R(int) = 0.0254] 
Completeness to theta = 27.48° 99.0 %  
Absorption correction None 
Max. and min. transmission 0.8590 and 0.8590 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 7932 / 0 / 393 
Goodness-of-fit on F2 1.054 
Final R indices [I>2sigma(I)] R1 = 0.0305, wR2 = 0.0669 
R indices (all data) R1 = 0.0456, wR2 = 0.0742 
Extinction coefficient 0.00043(17) 





Table 3.9   Bond lengths [Å] and angles [°] 43. 
_____________________________________________________ 
C(1)-N(1)  1.478(3) 
C(3)-N(2)  1.476(3) 
C(6)-N(1)  1.297(3) 
C(12)-O(1)  1.317(2) 
C(21)-N(2)  1.290(3) 
C(27)-O(2)  1.320(3) 
N(1)-In(1)  2.1921(18) 
N(2)-In(1)  2.2158(18) 
O(1)-In(1)  2.0712(15) 
O(2)-In(1)  2.0625(16) 



























Table 3.10.  Crystal data and structure refinement for 44. 
Identification code  44 
Empirical formula  C35 H52 Br In N2 O2 
Formula weight  727.52 
Temperature  153(2) K 
Wavelength  0.71069 Å 
Crystal system  Monoclinic 
Space group  p21/c 
Unit cell dimensions a = 17.479(5) Å α= 90.000(5)º. 
 b = 11.691(5) Å β= 112.703(5)º. 
 c = 18.638(5) Å γ = 90.000(5)º. 
Volume 3514(2) Å3 
Z 4 
Density (calculated) 1.375 Mg/m3 
Absorption coefficient 1.841 mm-1 
F(000) 1504 
Crystal size 0.20 x 0.20 x 0.20 mm3 
Theta range for data collection 2.11 to 27.57º. 
Index ranges -22<=h<=20, -12<=k<=15, -23<=l<=24 
Reflections collected 20908 
Independent reflections 7866 [R(int) = 0.0772] 
Completeness to theta = 27.57∞ 96.8 %  
Absorption correction None 
Max. and min. transmission 0.7097 and 0.7097 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 7866 / 0 / 379 
Goodness-of-fit on F2 1.054 
Final R indices [I>2sigma(I)] R1 = 0.0476, wR2 = 0.0989 
R indices (all data) R1 = 0.0884, wR2 = 0.1174 
Extinction coefficient 0.0014(2) 





Table 3.11.   Bond lengths [Å] and angles [°] for 44. 
_____________________________________________________ 
C(1)-N(1)  1.477(5) 
C(3)-N(2)  1.484(5) 
C(6)-N(1)  1.300(5) 
C(12)-O(1)  1.317(5) 
C(21)-N(2)  1.304(5) 
C(27)-O(2)  1.330(5) 
N(1)-In(1)  2.193(3) 
N(2)-In(1)  2.208(3) 
O(1)-In(1)  2.064(3) 
O(2)-In(1)  2.063(3) 
































































Table 3.13.  Crystal data and structure refinement for 47. 
Identification code  47 
Empirical formula  C37 H32 Cl5 Ga N2 O2 S4 
Formula weight  911.86 
Temperature  153(2) K 
Wavelength  0.71069 Å 
Crystal system  Triclinic 
Space group  p-1 
Unit cell dimensions a = 9.418(5) Å α= 92.035(5)°. 
 b = 13.039(5) Å β= 97.726(5)°. 
 c = 17.289(5) Å γ = 97.726(5)°. 
Volume 2081.6(15) Å3 
Z 2 
Density (calculated) 1.455 Mg/m3 
Absorption coefficient 1.217 mm-1 
F(000) 928 
Crystal size 0.20 x 0.15 x 0.08 mm3 
Theta range for data collection 1.92 to 27.50°. 
Index ranges -11<=h<=12, -16<=k<=15, -22<=l<=21 
Reflections collected 12554 
Independent reflections 8199 [R(int) = 0.0288] 
Completeness to theta = 27.50∞ 85.7 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.907 and 0.803 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 8199 / 0 / 469 
Goodness-of-fit on F2 1.020 
Final R indices [I>2sigma(I)] R1 = 0.0480, wR2 = 0.1145 
R indices (all data) R1 = 0.0762, wR2 = 0.1326 





Table 3.14.   Bond lengths [Å] and angles [°] for 47. 
_____________________________________________________ 
C(2)-N(1)  1.443(4) 
C(3)-N(2)  1.387(4) 
C(6)-N(1)  1.281(4) 
C(8)-O(1)  1.331(4) 
C(13)-N(2)  1.323(5) 
C(15)-O(2)  1.323(4) 
C(20)-S(2)  1.715(4) 
C(23)-S(2)  1.735(4) 
C(24)-S(1)  1.736(4) 
C(27)-S(1)  1.676(5) 
C(28)-S(3)  1.656(3) 
C(31)-S(3)  1.733(4) 
C(32)-S(4A)  1.613(4) 
C(32)-S(4B)  1.669(6) 
C(34)-S(4B)  1.484(10) 
C(35)-S(4A)  1.578(8) 
N(1)-Ga(1)  2.031(3) 
N(2)-Ga(1)  1.994(3) 
O(1)-Ga(1)  1.841(2) 
O(2)-Ga(1)  1.937(2) 
























Symmetry transformations used to generate equivalent atoms:  
  
  





























Table 3.16.  Crystal data and structure refinement for 55. 
Identification code  55 
Empirical formula  C73 H113 In2 N4 O4 P Si 
Formula weight  1399.37 
Temperature  153(2) K 
Wavelength  0.71069 Å 
Crystal system  triclinic 
Space group  p-1 
Unit cell dimensions a = 16.312(5) Å α= 110.272(5)°. 
 b = 17.743(5) Å β= 99.924(5)°. 
 c = 19.652(5) Å γ = 109.571(5)°. 
Volume 4752(2) Å3 
Z 2 
Density (calculated) 0.978 Mg/m3 
Absorption coefficient 0.551 mm-1 
F(000) 1476 
Crystal size 0.20 x 0.20 x 0.20 mm3 
Theta range for data collection 1.40 to 27.58°. 
Index ranges -21<=h<=21, -23<=k<=22, -20<=l<=25 
Reflections collected 31487 
Independent reflections 21357 [R(int) = 0.0296] 
Completeness to theta = 27.58° 97.0 %  
Absorption correction None 
Max. and min. transmission 0.8977 and 0.8977 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 21357 / 0 / 806 
Goodness-of-fit on F2 1.087 
Final R indices [I>2sigma(I)] R1 = 0.0661, wR2 = 0.1993 
R indices (all data) R1 = 0.0976, wR2 = 0.2194 
Extinction coefficient 0.0089(6) 





Table 3.17.   Bond lengths [Å] and angles [°] for 55. 
_____________________________________________________ 
C(1)-N(1)  1.465(6) 
C(3)-N(2)  1.472(6) 
C(6)-N(1)  1.289(6) 
C(12)-O(1)  1.320(6) 
C(21)-N(2)  1.287(6) 
C(27)-O(2)  1.323(6) 
C(36)-Si(1)  1.873(7) 
C(37)-Si(1)  1.862(7) 
C(38)-Si(1)  1.871(6) 
C(39)-N(3)  1.469(6) 
C(41)-N(4)  1.463(6) 
C(43)-N(3)  1.293(6) 
C(50)-O(3)  1.294(6) 
C(59)-N(4)  1.288(6) 
C(65)-O(4)  1.321(6) 
N(1)-In(1)  2.269(4) 
N(2)-In(1)  2.238(4) 
N(3)-In(2)  2.247(4) 
N(4)-In(2)  2.305(4) 
Si(1)-P(1)  2.225(2) 
P(1)-In(1)  2.4720(14) 
P(1)-In(2)  2.4863(13) 
In(1)-O(1)  2.104(3) 
In(1)-O(2)  2.131(3) 
In(2)-O(4)  2.102(3) 
























































CHAPTER 4: Loose Ends and Future Directions 
 
 
Transition Metal Chemistry 
  
Chromium and Molybdenum Metal Complexes 
 
 In the course of attempts to access new boron-transition metal complexes with 
boron-metal multiple bonds, it was necessary to synthesize (Me3N)M(CO)5 [M = Cr (56); 
Mo (57)] since these complexes are useful sources of the corresponding anions 
[M(CO)5]2-. Although 56 and 57 are well known compounds [1], no X-ray 
crystallographic data were available in the literature. Both compounds crystallize in the 
monoclinic space group P21/n with Z = 4. There are no unusually short contacts. As 
expected, the molecular structures are essentially octahedral (Figure 4.1) but slight 
deviations from idealized 90° angles are evident in both structures (Table 4.1) due to the 
steric demands of the Me3N ligand. Since amines are good σ-donors and poor π-
acceptors, the metal-CO distance trans to the amine ligand is shorter than the other metal-
CO bond distances in both complexes (Table 4.1). The chromium-nitrogen and 
molybdenum-nitrogen bond distances are comparable to those of a number of related 
(amine)M(CO)5 (M = Cr, Mo) complexes. For example, the Mo-N bond distance of 
2.377(3) Å is comparable to those found previously (N(CH2)6N)Mo(CO)5 (2.367(3) Å) 
[2] and ((CH2)6N4)Mo(CO)5) (2.337(3) Å) [3]. There are more reported examples of 
chromium pentacarbonyl complexes with coordinated amine ligands in comparison with 
their molybdenum analogues. The Cr-N bond distance of 2.2472(17) Å, compares well 




2.222(7) Å for Cr(CO)5(C9H10NH) [5],  2.195(4) Å for Cr(CO)5(NHMe2) [6], 2.249(5) Å 
for quinuclide-Cr(CO)5 [7], 2.197(4) Å for morpholine-Cr(CO)5 [8] and 2.204(3) Å for 
Cr(CO)5(NHC5H10) [9]. 
Compounds 56 and 57 were synthesized by published methods [1] by the reaction 
of M(CO)6 with NMe3 at elevated temperatures. Both compounds were isolated as 
needle-like yellow crystals from pentane solutions cooled to -40˚C. 
 
Table 4.1. Crystal data and structure refinement for 56 and 57. 
   56 57 
Formula C8 H9 Cr N O5 C8 H9 Mo N O5 
Formula weight 251.16 295.10 
Crystal system Monoclinic Monoclinic 
Space group P2(1)/n P2(1)/n 
a/Å 6.8267(14) 6.9494(14) 
b/Å 11.269(2) 11.362(2) 
c/Å 14.692(3) 14.927(3) 
α /° 90 90 
β /° 102.89(3) 102.64(3) 
γ/° 90 90 
V/Å3 1101.8(4) 1150.0(4) 
Ζ 4 4 
Pcalcd/g cm-3 1.514 1.704 
F(000) 512 584 
Crystal size/mm 0.25 x 0.15 x 0.15 0.25 x 0.15 x 0.10 
θ  range/° 2.30 to 25.00 2.27 to 27.53 
No. of reflns. Collected 3406 7307 
No. of indep reflns. 1932 2653 
R1[I > 2σ (I)] 0.0283 0.0309 
wR2 (all data) 0.0681 0.0758 
Peak and hole/e.Å
-3










Table 4.2. Selected bond lengths (Å) and angles (˚) for 56 and 57. 
 56 57 
N(1)-M(1) 2.2472(17) 2.379(3) 
M(1)-C(1) 1.830(2) 1.960(4) 
M(1)-C(2) 1.904(2) 2.058(4) 
M(1)-C(3) 1.909(2) 2.057(4) 
M(1)-C(4) 1.910(2) 2.050(4) 
M(1)-C(5) 1.908(2) 2.056(4) 
N(1)-M(1)-C(1) 178.16(7) 178.86(12) 
N(1)-M(1)-C(2) 91.27(8) 93.97(13) 
N(1)-M(1)-C(3) 92.34(8) 93.02(12) 
N(1)-M(1)-C(4) 94.14(8) 91.62(12) 


















Figure 4.1. ORTEP diagram of 56 with thermal ellipsoids shown at the 40% probability 






Attempted Synthesis of a Terminal Stibinidene 
 The recent report of a catalytic dehydrocoupling process, in which a low-valent 
main group antimony compound plays a key role, has highlighted the importance of 
this fundamental area of research [10]. The literature contains no report of a terminal 
stibinidene [11], whereas the lighter congeneric phosphinidene [12] and arsinidene 
[12] complexes are well known. The success of halide ion abstraction chemistry for 
the syntheses of the corresponding terminal borylene complexes [13] prompted an 
investigation of the potential use of this methodology for the preparation of the 
cationic terminal stibinidene, [(η5-C5H5)(CO)2-FeSb(η5-C5Me5)][AlCl4]. As shown in 
Scheme 4.1, the proposed synthetic route to the multiply-bonded target compound 
features the abstraction of a chloride anion from the precursor chlorostibine complex, 
58.  
Scheme 4.1. Proposed synthetic route to a terminal stibinidene complex, 59. 
 
 A bright yellow diethyl ether solution of pentamethylcyclopentadienyl antimony 
dichloride [14] was added to an equimolar quantity of [(η5-C5H5)Fe(CO)2]K at 0˚C 
and the reaction mixture was stirred overnight at 25˚C. Removal of the solvent 


























the remaining insolubles. After solvent stripping, an orange material was isolated and 
recrystallized from toluene solution. However, a single crystal X-ray diffraction study 
revealed that the product is in fact [{(η5-C5H5)Fe(CO)2}3SbCl][FeCl4] (60) rather than 
58. The fact that 60 also exists in the solution phase was confirmed on the basis of 1H 
and 13C{1H} NMR data. The tris-iron stibonium salt 60 has been synthesized 
previously by treatment of three equivalents of [(η5-C5H5)Fe(CO)2]Na with one 
equivalent of SbCl3 [15]. Given the foregoing, further efforts to synthesize the 
targeted stibinidene complex were made by avoiding the isolation of the intermediate 






























Figure 4.2. Molecular structure of 60 with thermal ellipsoids shown at the 40% 




 When cold (0°C) solutions of pentamethylcyclopentadienyl antimony dichloride and 
[(η5-C5H5)Fe(CO)2]K were allowed to react with an equimolar amount of AlCl3 in 
CH2Cl2 solution at 25˚C a gradual darkening of the solution was observed. A sharp 
27Al NMR peak at ∼103 ppm diagnostic of the formation of [AlCl4]- was detected, 
thus suggesting that the halide abstraction shown in Scheme 4.1 had taken place. 
Following solvent removal, recrystallization of the residue from toluene solution 
resulted in a crop of crystals suitable for examination by single-crystal X-Ray 
diffraction. The X-ray analysis revealed that the product is the [AlCl4]- salt of the 
bis(cyclopentadienyldicarbonyliron)dichloro stibonium cation 61. This cation has 
been reported previously [16] by insertion of SbCl3 into the Fe-Fe bond of the [(η5-
C5H5)Fe(CO)2]2 dimer followed by elimination of Cl-. A search of the Cambridge 
Structural Database revealed that 61 is the only crystallographically characterized 
example of an antimony atom serving as a bridge between two [(η5-C5H5)Fe(CO)2] 
units.  
The observation that 60 and 61 are formed in preference to the desired products 
58 and 59 is indicative of the tendency of pentamethylcyclopentadienyl antimony 
dichloride to dissociate back to SbCl3 in solution, thus allowing formation of side-
products 60 and 61. Future synthetic efforts should therefore focus on more kinetically 























Figure 4.3. Molecular structure of 61 with thermal ellipsoids shown at the 40% 
probability level. 
 
Group 14 Heterocycles 
Silylenes and Germylenes 
 Two classes of transition metal complexes with a formal metal-carbon double bond 
are known, both named for those who first synthesized them. Fischer-type carbene 
complexes [16] which possess a donor-acceptor bond between a low-valent metal 
fragment LnM and a carbene ligand CR1R2 where one of the ligands R is a π-donor. 
Conversely, Schrock-type carbene complexes [16] are typically comprised of high 
oxidation state metals and alkyl-substituted carbenes. The last ten years however has 
seen the development of a new class of carbene ligand, namely the N-heterocyclic 




properties that are very similar to those of tertiary phosphines. Unlike Fischer and 
Schrock carbenes, the NHCs are best described as effectively pure σ-donors, with 
only minimal metal-to-ligand back donation.  
 The first stable carbenes were isolated by Arduengo in 1991 by deprotonation of the 
corresponding imidazolium salts [17]. The heavier congeneric N-heterocyclic 
silylenes and germylenes 62 and 63, first reported in the early 1990s, are thermally 
stable analogues of the NHCs [18]. The key to the isolation of these highly reactive 
compounds was the use of a combination of stereo-electronic factors, namely the 
placement of sterically demanding substituents on the nitrogen atoms and the 
presence of significant π-delocalization within the five-membered heterocycle. 





 The successful syntheses of 62-63 represent milestones in synthetic main group 
chemistry; however, the vast majority of subsequent research work has focused 
mainly on their reactions with simple organic and inorganic compounds.  Since 62-63 
resemble NHCs in both an electronic and structural sense, they might be expected to 
display similar patterns of reactivity. However, factors such as ionic radius, 
electronegativity, and the nature of the frontier molecular orbitals exert a strong 
influence on the outcomes of reactions, hence major differences between the 









and electronic properties of 62-63 suggest that their ligation to organometallic 
fragments and the subsequent reactions of such complexes will differ substantially 
from those of the isolobal and well-studied Cp*E compounds [19].  
Both 62 and 63 are thermally stable, isolable molecules, and thus their metal 
complexes should be accessible via standard synthetic organometallic techniques.  
Preliminary studies focused upon exploring the reactivity have focused on their reactivity 
toward both organometallic and main group fragments [20]. Specifically, attempts were 
made to synthesize both the silylene and germylene analogues of the Grubbs 2nd 
generation catalyst, to prepare boron polycations by heterolysis of halide atoms from BX3 
precursors using the Lewis basic properties of these heterocycles and to use silylene 62 as 
a single-source precursor for the formation of silicon films via Atomic Layer Epitaxy 
(ALE).  
Attempts to prepare the group 14 ligated ruthenium species shown in Figure 4.4 
involved a minor modification of a published procedure, namely displacement of a 
phosphine ligand from the corresponding 1st generation catalyst [21]. One equivalent of 
the group 14 carbenoid was added to a toluene solution of the Grubbs 1st generation 
catalyst at ambient temperature. After the reaction mixture had been stirred overnight, 
aliquots were taken for analysis by NMR. These assays indicated the desired reaction had 
not taken place. After stirring the reaction mixture for a further twelve hours under reflux 
conditions, NMR data suggested that reaction had still not taken place. It seemed clear 
that this simple displacement approach would not be appropriate to access the heavier 
analogues of the Grubbs 2nd generation catalyst. Interestingly, recent theoretical studies 




This is due, in part, to the increasing aromatic character of the heterocycles in the order 
Ge > Si > C. Thus, the basicities of the silylene and germylene heterocycles are not 








Figure 4.4. Ruthenium carbenoid complexes. 
 
The intrinsic electron-deficiency of tricoordinate boron compounds has led to 
their use as potent Lewis Acids in a diverse range of research areas, ranging from fluoride 
anion sensors [23] to co-catalysts in olefin polymerization [24]. In general, inducing a 
cationic charge at the boron center is expected to generate a more potent acceptor than 
the corresponding neutral species, thus heralding a superior class of reagents and 
catalysts with greatly enhanced activities. Recently, in an effort to extend the reactivity of 
boron cations reports on the synthesis and structure of a new class of ‘borocation’, 
namely a boron dication have been disclosed [25]. The use of nitrogen-based donors is 
prevalent in almost all facets of boron chemistry due to the large boron-nitrogen bond 
enthalpy, a result of efficient overlap of the nitrogen lone pair with the formally vacant 












The reaction of four equivalents of 63 with one equivalent of BI3 in toluene 
solution at ambient temperature afforded, after solvent stripping, a yellowish brown 
residue. Analysis by NMR spectroscopy revealed a sharp singlet in the 11B spectrum at δ 
= 5.86 ppm which falls in the range anticipated for a fully saturated, four-coordinate, 
boron center. Moreover, both the 1H and 13C NMR spectra confirm the presence of only 
one set of resonances corresponding to germylene 63. Unfortunately, at this time, no 
further data are available to confirm the solid-state molecular structure as the 
(tetragermylene)boron tribromide salt. 
In collaboration with the research group of Professor Brian Korgel, the silylene 62 
was also examined as a potential precursor for Atomic Layer Epitaxy (ALE) in which a 
well-defined silicon surface may be deposited onto a substrate. Silicon remains one of the 
most important materials in modern transistor technology. Silicon films have found 
applications in microelectronics and photovoltaic cells and as a result, much research has 
focused on methods involved in producing high quality silicon films on a variety of 
substrates. An early report by Steigerwald [26] utilized the so-called ‘butterfly’ 
compound, 64, shown in Figure 4.5 (a) in an effort to prepare silicon films. The 
deposition is proposed to proceed through a transient silylene, generated by elimination 
of one molecule of butadiene, thus generating a monolayer which subsequently loses a 
second butadiene molecule to generate the desired silicon film (Figure 4.5 (b)). Clearly, 
this process could be probed more fully and perhaps prove to be better controlled by 
utilizing the thermally and kinetically stable silylene 62 in preference to generating an in-
situ divalent species. Samples of 62 were prepared for this purpose and subjected to the 




removal of the butadiene molecules proved incomplete, possibly due to the large 
nitrogen-silicon bond enthalpy. Current efforts are focused on modification and 












Figure 4.5. (a) ‘Butterfly’ molecule, 64. (b) Pictorial representation of ALE 
deposition process of 64 onto a substrate. 
 
Group 14 Metalloles 
 The group 14 metallole dianions have generated considerable interest from both 
the synthetic and theoretical communities as heavier congeners of the cyclopentadienyl 
anion [27]. The structure of silole and germole dianions has been discussed extensively, 
and their aromatic character is well established [28, 29]. The reactions of these dianions, 














were typically used as trapping reagents. There are, however, a few reports of unique 
reactions by West et al. [31] as well as coupling reactions to form oligo-or poly(1,1-
metallole)s [32]. 
 The silole dianion, 65, is conveniently prepared via lithium metal reduction of the 
precursor silicon dichloride or chlorophenylsilane as shown in Scheme 4.2 [33].  Some 
reactions of this dianion with a variety of boron dihalides were explored in an effort to 
prepare novel compounds with silicon-boron multiple bonds. Unfortunately, no evidence 
was found for the desired silicon-boron derivatives. As noted above, the reactivity of 
patterns of silole dianions have yet to be fully explored and, despite these initial failures, 
it is anticipated that this will ultimately prove to a fertile field of research. 
 




















Thiophene Containing Diazabutadienes and Bis(imino)arylacenapthenes 
 
Over the last several decades, the field of conducting polymers has blossomed 
into a mature and well-understood research area [34]. Since the vast majority of work in 
this area has focused on all-organic systems, the electron/hole transport in these systems 
is reasonably well understood. More recently, systems that incorporate transition metals 
have presented the possibility of greatly expanding the scope and ultimately the 
applications for such conducting polymers. Early work has focused primarily on the 
attachment of transition metal fragments to polymer main-chain backbones. However, a 
more effective, though much less explored, approach would be the incorporation of metal 
complexes into the polymer backbone directly [35]. Two ligand classes are particularly 
attractive for the support of polymers of this type. The diazabutadiene (DAB) ligand class 
has been used extensively in d- and p-block chemistry by virtue of its diversity of 
coordination modes and interesting redox properties. Interest in the 1,2-
bis(arylimino)acenaphthene (aryl-BIAN) ligand class stems from the ability of such 
ligands to function as both electron and proton sponges. In turn, this desirable 
combination of properties is attributable to the presence of both a naphthalene ring and a 
1,4-diaza-1,3-butadiene moiety. The d-block chemistry of aryl-BIAN ligands is now well 
established and many transition complexes have been employed as catalysts [36]. Given 
the foregoing, attempts were made to attach bithiophene groups to both DAB and BIAN 












Scheme 4.3. Synthetic pathway to 2-aminothiophene, 68. 
The synthesis of DAB ligands is typically accomplished by means of a simple 
condensation reaction between an amine and a diketone. However, this approach would 
necessitate the preparation of the highly reactive 2-aminothiophene, 68, according to the 
series of steps outlined in Scheme 4.3. The initial conversion to the acid chloride 
proceeded smoothly by treatment of thionyl chloride with the thiophene carboxylic acid 
starting material. In turn, treatment of this acid chloride with sodium azide at ambient 
temperature afforded the 2-(azidocarbonyl)thiophene (66) in moderate to good yields (60-
85%) after recrystallization. Crystals of 66 suitable for analysis by single-crystal X-ray 
diffraction techniques were grown from toluene solution and the molecular structure of 
this compound is shown in Figure 4.6. The amine-protected carbamate, 67, was prepared 
by refluxing a toluene solution of 66 and tert-butyl alcohol over a period of 3h. After 
cooling of the reaction mixture to room temperature, aqueous-organic work-up afforded 
67 as an off-white solid. Storage of a concentrated toluene solution of 67 at -40°C 
overnight resulted in a crop of crystals which were suitable for study by X-ray 


































Figure 4.6. Molecular structure of 66 with thermal ellipsoids shown at the 40% 
probability level. 
  
The hydrobromide salt of 68 was prepared by deprotection of 67 using a 33% HBr 
solution in acetic acid. This salt was converted, in low yield, to 68 by bubbling ammonia 
through a slurry of the HBr salt in methylene chloride at low temperature (0°C). Isolation 
of the yellow oil, 68, proved difficult due to the extreme air and moisture sensitivity of 
this product. Furthermore, 68 undergoes facile ring opening to afford more 
thermodynamically stable acetonitrile derivatives. Repeated efforts to prepare 68 in 
higher overall yield failed. Accordingly, it was decided to adopt an alternative target 
monomer, namely one that features a phenyl-spacer between the amino group and the 







Figure 4.7. Molecular structure of 67 with thermal ellipsoids shown at the 40% 
probability level. 
 
 In stark contrast to the somewhat unreliable synthesis of 2-aminothiophene (68), 
the preparation of the 4-(2-thienyl)benzen-amine (TBA) (69) precursor proceeds in good 
yield from the Suzuki coupling of commercially available 2-thienylboronic acid with 4-
bromoaniline. Condensation of two equivalents of 69 with glyoxal (Scheme 4.4) in 
ethanol solution afforded the anticipated diazabutadiene ligand 70 in virtually 
quantitative yields. Ligand 70 is sparingly soluble in a variety of organic solvents. 
Subsequent studies carried out by Clint Hoberg have focused on alkyl subtitution of the 
phenyl-ring with a view to increasing the solubility of this ligand class and to providing 







Scheme 4.4. Synthesis of the thienyl-substituted DAB ligand, 70. 
 
 The reaction of 70 and its alkylated analogues with BI3 represents an attractive 
target because if such reactions proceed via two-electron reduction of the ligand this 
could be an important step in the production of polyboroles, a fascinating class of 
polymer due to their anticipated small band gap.  
 Turning to the more rigid BIAN ligand class, the synthesis of the bithiophene 
functionalized ligand 71 proceeds in good yield by palladium-catalyzed Stille 
coupling of the readily available precursors 2-tributyltin-5,5’-bithiophene and 4-
bromophenylBIAN. Red, plate-like crystals of 71 suitable for single-crystal X-ray 
diffraction experiments were grown from hexane solution. The molecular structure of 
the new ligand is shown in Figure 4.8. Recent reports by the Cowley group [37] have 
demonstrated the important role that BIAN-based ligands can play in the support of 
redox-active lanthanide moieties and the construction of molecular wires. 
Accordingly, efforts were made to synthesize lanthanide complexes by treatment of 
71 with a variety of lanthanocenes. Unfortunately, these reactions have not been 













Figure 4.8. Molecular structure of 71 with thermal ellipsoids shown at the 40% 
probability level. 
  
Further studies of the reactivity patterns of 71 are currently being conducted by 
Adam Powell. By analogy with the DAB ligand systems described earlier the initial 
strategy has been to synthesize sterically encumbered derivatives of 71. These precursors 
are of significant potential interest for the synthesis of metallopolymers with fascinating 
opto-electronic properties. Moreover, the DAB skeleton (also present in the BIAN ligand 
class) is identical to that found within NHCs and, as such, these molecules have the 
intriguing possibility of providing access to polycarbenes. 
 
Conclusions 
In the literature method for the preparation of the 1st generation Grubbs catalyst 
[38], use is made of the readily available triphenylphosphine ruthenium complex, which 




displaces the coordinated triphenylphosphine to form a more stable catalyst. The 
proposed silylene and germylene analogues of Grubbs-type complexes could be of 
interest as higher activity metathesis catalysts and are worth exploring. 
The initial result of the germylene-promoted, boron-iodine bond heterolysis are 
both exciting and promising. Future work should focus on unequivocal identification of 
the germanium-boron cation that is produced and an investigation of the charge 
distribution in this species. Recent theoretical studies [39] have revealed a substantial 
charge-quenching effect which serves to lower the overall cationic charge at the boron 
center. Moreover, further efforts are required to develop non-coordinatively saturated 
systems which will be capable of more fully realizing the potential of these polycationic 
boron complexes for affecting important organic transformations and serving as olefin 
polymerization catalysts. 
Finally, the development of the chemistry of the silole dianion, 65, is still in its 
infancy. While essentially an unexplored area, the chemistry of this species is ripe for 
development and represents a very promising area for future work. 
The wide variety of projects discussed herein is provided as a ‘jumping-off’ point 
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